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XAy dung cac Hé thong nhiing

Loi néi dau

Day va hoc hé¢ théng nhung la dé cap té1 mot chu dé co pham vi rong bao gé)m thiét ké,
moi truong tng dung, loai hinh cong nghé, qui tic can thiét dé tiép can mot cach c6 hé thong.
Linh vuc thiét ké va ing dung cac hé thong nhing bao gdm : cac hé thdng vi diéu khién (micro-
controller) nhé va don gian, cac hé théng diéu khién, hé théng nhung phan tan, hé thong trén
chip, mang may tinh (c6 day va khong day), cac hé thong PC nhung, cac hé théng rang budc thoi
gian, robotic, cac thiét bj ngoai ctia may tinh, xir 1y tin hiéu, hé théng 1énh va diéu khién... Nén
tang cong nghé hién dai 1a k¥ thuat vi dién tr voi mat do tich hop 16n va rat 16n. Khi mudn thiét
ké hé thdng nhung, c6 nhiéu yéu té can tudn thu gidng nhu khi thiét ké may tinh, nhung lai bi
rang budc boi dic thu tng dung. Thém vao d6 1a sy dan chéo cua cac ky ning rat can thiét cho
thiét ké hé théng nhung, doc lap van hanh, thiét ké vai tiéu chi tiéu hao nang luong thép, cong
nghé phan cimg, cong nghé phan mém (hé thong va ung dung), hé thoi gian thuc, twong tac
ngudi may va doi khi ca van dé an ninh hé thong. Nhiz vay dao tao va hoc hé théng nhung can
mot khdi lugng kién thirc tap hop it nhat tir cac bo »16n khac nhu khoa hoc may tinh (computer
science), khoa hoc truyén théng (communication> ky mat thiét ké dién tir: cac mach tuong tu va
s6, str dung t6t cac phan mém thiét ké bo ma<h (ahu Prc 1. Proteus, DXP...), kién thirc vé ché
tao ban dan. Vi 1a b mon cong nghé c.tinh g dung ca  véi bai toan cu thé, nén lai can co
chuyén mén cua nganh nghé, ma & déné théng 1. “ng s& tng dung. Tom lai day 1a mot chu dé
hop nhat va viéc thuc hién chi d&& nly ti. -~ khong dé ang.

Véi lugng thoi gian nh4“%inh, mo. hoc XAY DUNG CAC HE THONG NHUNG sé&
mang lai cho ngudi hoc nhi*ig vin & co ban .ihat vé hé théng nhung & Chwong 1. Chuong 2 dé
cap t6i kién trac phan cimg L *héag, cach thiét ké mot s6 khdi chirc nang co sé c6 tinh thyc té
cao. Chuong 3 chu yéu gidi thie. & phan mém cai dat trén hé thdng nhing, bao gdm céc trinh
diéu khién thiét bi, cic phdn mém tr.ng gian, va phan mém hé théng duoc cai dit . Dic biét nhic
lai mot sd yéu cau vé khai niém cua cac hé théng thoi gian thyce va hé diéu hanh thoi gian thuc.
Chuong 4 gidi thidu cac tiéu chi va phuong phép thiét ké hé thong nhiing. Cudi chuong 1a mot sb
cac bai tap 16n kiéu Du an thiét ké, c6 thé lua chon cho thuc hanh véi cac kiéu kién trac hé théng
nhiing khac nhau.

Nhu d4 néu, day la cha dé rong, mang tinh k¥ thuat va kién thtrc lai duoc tong hop tir cac
moén khac, nén tai liu ndy chic khong thé that su ddy du. Cac phan kién thic nao khong duoc dé
cap siu & day, nguoi hoc can tham khao thém céc tai liéu khéc, hay tir cac mén hoc lién quan.

Téac gia xin chan thanh cdm on cac can b9, giang vién Khoa Cong nghé thong tin va b
mon Khoa hoc méy tinh, Hoc vién Cong ngh¢ BCVT Ha Noi di gop ¥ dé tac gia hoan thanh giao
trinh. Téac gia ciing xin d6n nhan cac ¥ kién dong gop, phé binh tir nguoi doc, ngudi hoc, sao cho
tai liéu nay co ich hon. Pia chi theo e-mail: htcuoc@ioit.ac.vn.
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Mot s6 chir viét tat

CPU Central Processing Unit Don vi xur 1y trung tdm
ROM Read Only Memory B4 nhdé chi doc
EPROM Erasable programmable read-only | BO nhd chi doc, x6a va lap trinh lai dugc
memo
RAM Random Access Memory bd nhé truy cap ngau nhién
non-volatile computer storage B6 nhé ban dan khong bi mat noi dung ngay ca khi
khong cung cip ngudn nudi
FLASH (memory cards, USB flash drives,
solid-state drives -SSD)
0OS Operating System Hé diéu hanh
RTOS Real Time Operating System Hé ¢ hanh thoi gian thuc
ES Embedded System Hé théng . ing
HTN Embedded System . théng nhiing
OS hay HDH | Operating System He¢ Diéu Hanh
TPKTB Device Drivr Trinh diéu khién thiét bi
PLC Programmable L “~ Controller bo diéu khién logic kha trinh
PIC Programmable Intellizent May tinh kha trinh théng minh
Computer
PSoC Programmable System - on - Chip | Hé thong kha trinh trén vi mach
ASIC Application-Specific Integrated ASIC 1a mot vi mach dugc thiét ké danh cho mot
Circuit g dung cu thé theo yéu ciu c4 biét
MCU Microcontroller Unit Vi diéu khién
CICS Complex Instruction Set Tép lénh diy du
RISC Reduced Instruction Set Tap 1énh rat gon
SPI Serial Peripheral Interface Puong lién két dir lidu ndi tiép, dong bd, hoat dong
theo kiéu Chu/ts (Master/Slave)
I’C Inter-Integrated Circuit Bus dung dé nbi giita cac vi mach dién tir ...



http://tratu.vn/dict/en_vn/Erasable_programmable_read-only_memory_%28EPROM%29
http://tratu.vn/dict/en_vn/Erasable_programmable_read-only_memory_%28EPROM%29
http://en.wikipedia.org/wiki/Non-volatile_memory
http://en.wikipedia.org/wiki/Computer_storage
http://en.wikipedia.org/wiki/Memory_card
http://en.wikipedia.org/wiki/USB_flash_drive
http://en.wikipedia.org/wiki/Solid-state_drive
http://vi.wikipedia.org/w/index.php?title=B%E1%BB%99_%C4%91i%E1%BB%81u_khi%E1%BB%83n_logic&action=edit&redlink=1
http://www.cypress.com/psoc
http://en.wikipedia.org/wiki/Complex_instruction_set_computer
http://en.wikipedia.org/wiki/Reduced_instruction_set_computer
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USART Universal Serial Aynchronous B¢ thu/phat nbi ti€p di by da nang
Receiver/Transmitter
ISR Interrupt Service Routine Chuong trinh con xir li ngat hay Dich vu xir li ngat
MAC Media Access Control Diéu khién truy nhap méi truong (mang may tinh).
Vi du: MAC address: Dia chi vat li cta thiét bi
mang.
MIPS Million instructions per second Tri€u 1énh may trong mdt gidy
Integrated Development La tép cac ph?m mém ho trg cac cong cy, tién ich
Environment, hodc: dé phat trién phin mém may tinh, bao gom:
Integrated Design Environment Soan thao ma ngué)n, trinh thong dich, trinh bién
IDE dich, trinh go r6i
hodc:
Integrated Debugging
Environment
La loai th:  oi phan cimg ding dé go rdi khi phat
<ién phan ctng va phan mém hop nhit, nhu HTN.
ICE In-Circuit Emulator

V. 4 nhu Logic anlyzer, phan mém MPLAB ctia
Microchip



http://en.wikipedia.org/wiki/Million_instructions_per_second
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Hinh 1.1
Hinh 1.2
Hinh 1.3

Hinh 1.4
chip
Hinh 1.5
Hinh1.6
Hinh 1.7
Hinh 1.8
mém
Hinh 1.9
Hinh 1.10
Hinh 1.11
Hinh 1.12
Hinh 2.1
Hinh 2.2
Hinh 2.3
Hinh 2.4
Hinh 2.5
Hinh 2.6
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Hinh2.8
Hinh 2.9
khién
Hinh 2.10
Hinh 2.11
Hinh 2.12
Hinh 2.13
Hinh 2.14

Danh sach cac hinh vé

M6 hinh téng quat bo mach chu

Ngudn nudi cho hé may tinh

HTN xay dung tir xay dung tir vi xtr Iy(Microprocessor-based) va vi diéu khién
(microcontroller based)

Microcontroller va cac thanh phan co ban, BUS két néi bén trong. T4t ca trong mot

Hai kiéu HTN véi 2 loai kién tric CPU
Havard CPU ARM 920T cua Amtel
Mo hinh téng quat HTN-MS hinh véi cac khdi chirc ning

Mot cach nhin khac vé mé hinh téng qui. HTN:Véi cac khdi ngoai vi va phan

Kién trac triru twong HTN
So d6 khbi CPU DSP-MP?
B6 MP3 véi CPU Blae! “in cua AN, O% DEVICES
Mot sé6 HTN thuong mai
Intel CPU 8025
Céc khdi chie . ng'cia CPU 8080/8085
Céc khai nién qui ¢. *u.theo CPU Clock
Luu d0 thoi gian co $¢ cia CPU 8085 (Theo tai lidu ciia hing Intel)
Biéu d6 thoi gian cua chu ki tim 1énh.
CAu hinh t6i thiéu: CPU 8085 va tao BUS hé théng
CPU Bus va BUS hé théng
Chu ki doc ddng bod
BUS khong dong bo, hoat dong dong bo boi “ddi thoai” gitta cac tin hiéu diéu

BUS chudi quay vong (daisy chaining)
Trong tai BUS

Trong tai Bus khong tap trung trong multibus
Lién két qua bus SPI

Lién két qua bus 12C
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Hinh 2.15
Hinh 2.16
Hinh 2.17
Hinh 2.18
Hinh 2.19
Hinh 2.20

Hinh 2.21

Hinh2.22
Hinh 2.23
Hinh 2.24
Hinh 2.25
Hinh 2.26
Hinh 2.27
Hinh 2.28
Hinh 2.29

Hinh 2.30
Hinh 2.31

Hinh 2.32
Hinh 2.33
Hinh 2.34
Hinh 2.35
Hinh 2.36
Hinh 2.37

Nguyén li ndi BUS I’C

Ghi/doc trén BUS I°C

Vi du dit liéu thu/phat trén BUS I°C

Céac mach logic thuong dung trong thiét ké ki thuat s6

Céc kiéu ndi dau ra, dau ra tré khang cao

Vi mach 3 trang thai: hai trang thai logic va

trang thai thir 3 HZ: du ra bj “tach” khoi BUS.

Mach chét (hay nhé, giti lai) kiéu D,

1am viéc theo murc hay suon 1én ciia xung dong hd CK. (Xem thém chi tiét mach
SN 7474).

Chét 4 bit voi D-Flip/flop

Cong khuyéch dai (driver) chdt hai ¢t 3u

Cau hinh t6i thiéu bo mach CPU ()85, 1. - M/ROM/Ports

Mach in cho hinh 2.24

CPU Intel x86

Bo mach véi tdi thi?s v "PU 8086:F JS controller, Ngét controller, RAM
CPU 8086 timi»g. ~h doc

M0 hinh ki, ic He vard:

BUS cho bd nhd'« rong trinh: Code Bus va Code Address;

BUS cho RAM dir lic.a: Data Bus va Data Address;

SRCI1, SRC2:ngu6n, DST: dich, la cac Bus ndi bo.

Céc khéi chirc ning cia CPU 8051/8052

CPU 8051: EEPROM, RAM bén trong

va kha nang mo rong b nhd té1 128 KB (64 KB code+64 KB data)
Bo mach véi CPU 8051/8052

Céc khéi chirc ning ciia nhan 8XC251Sx

CPU 8051

Phan hoach dia chi trong CPU 8051

Bo mach véi CPU Intel 8051 va RAM, ROM m¢ rong bén ngoai.
Mo hinh mét vi diéu khién kiéu PSoC hay PIC kiéu Vi xir li trong mot Chip
(Microprocessor-based system on a chip)
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Hinh 2.38
Hinh 2.39
Hinh 2.40
Hinh 2.41
Hinh 2.42
Hinh 2.43
Hinh 2.44
Hinh 2.45
Hinh 2.46
Hinh 2.47
Hinh 2.48
Hinh 2.49
Hinh 2.50
Hinh 2.51
Hinh 2.52
Hinh 2.53
Hinh 2.54
Hinh 2.55
Hinh 2.56
Hinh 2.57
Hinh 2.58
Hinh 2.59
Hinh 2.62
Hinh 2.63
Hinh 2.64
Hinh 2.65
Hinh 2.66
Hinh 2.67
Hinh 2.68
Hinh 2.69
Hinh 2.70

Vi diéu khién PSoC CY8C29466
B6 tri vé-chan PIC 12F675
Mo hinh khéi chirc ning PIC12F629/675
Vi diéu khién PIC 16F882/883/88
Céch tao bit nhé ¢ dinh bang cong tic co hoc hay diode ban dan
Mo hinh d4u vao/ra clia phan tir nhd
Céch t6 chire 1 don vi nhé chuén (1 byte) tir cac phan tir 1 bit, 4bit va 8 bit
Phan loai b0 nhé
Cac loai by nhé ROM
Cac loai RAM
1 phan tr RAM tinh
1 chip RAM 32K x 8 (32K byte)
Phan tir DRAM, 1 bit DRAM va { a tra. "RAM
Céc cach ghi/doc/lam tuoi cia . RAM
Phén cép bo nhd
M0 hinh hoat dong < ua K. M cache
So d6 vo ngodi~Ly i mach (« in) nhé (pin-out)
So d6 khdi<i. = nin , bén trong chip 16K x 1 bit
So d6 thiét ké bar._ mhd SRAM 16K x 8, v6i Chip 16Kx1
So d6 khéi chirc nang, cia 1 chip DRAM thuong mai 4164Kb
Quan h¢ cac tin hi¢u diéu khién DRAM 4164x1 thuong mai.
CPU 8080/8085 Module DRAM 64 KB toan phan
Vi du vé cach phan bb bo nh¢ trong may tinh PC
Mo hinh ki thuét ghép ndi
Céc kiéu ghép ndi
Doc dit li¢u vao: Dir ligu_tir thiét bi vao ACC sau d6 vao RAM
Pua dir liéu tir RAM vao ACC sau d6 ACC ra thiét bi
Trao d6i dir liéu doc vao co diéu kién
Luu dd diéu khién doc dir liéu va co diéu kién
Luu d6 diéu khién doc dit liéu kiéu quay vong
Mo hinh hoat dong ctia ngét
11
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Céc kiéu ngat
Thiét két voi ngit cimg che duge INTR ciia CPU
Vector ngat va chuyén xir Iy t6i ISR
Tb chirc ngit véi diéu khién ngat
Mo rong sd ngét véi 2 vi mach 8259
Nguyén li DMA
DMA va hoat dong cua CPU la doc lap
Ghép néi DMAC 8237 vao v6i CPU 8085va luu dd thoi gian cua qui trinh DMA
Luu d6 DMA ghi dir liéu tir RAM ra thiét bi ngoai
Dinh nghia cc chén ciia cong SSP
Cong song song trén PC va giai nghia cae chan cong
Luu d0 cac tin hiéu cong song song
Cong song song hai chiéu
Dau ndi RS 232 céc loai DB, . R 25 va DEx ¥MMJ
PC 1am hé phat trién ph*a mém chc TN, phu hop tin hiéu gitta RS-232 cua PC
va cong SI-P cia H7 N da.  ohét trién
Cong SI-P don Zia. ling ngu .t RS 232 cua PC
ADC vaghep "oH' N
HTN va DAC
Bai tap thiét ké ghép 16i ADC, cong LPT vao may tinh PC
M5 hinh tong quat cac phan mém trén mdy tinh
M5 hinh tong quat cac kiéu sip xép phan mém trén may tinh
Trang thai cta tién trinh
Trién khai API qua GHT
Nguyén li da trinh va quan hé giita ché d6 ngudi dung va ché d6 nhan HPH
Céc kiéu tac vu
Hau hét cac loai tac vu dé xuyén qua lap biéu.
Biéu dd thuc hién mot tac vu
Phan loai cac giai thuat 1ap lich thuc hién tac vu
Quay vong két hop uu tién va chen ngang
Mo hinh nguyén li cho WD
12



XAy dung cac Hé thong nhiing

Hinh 3.12
Hinh 3.13
Hinh 3.14
Hinh 3.15
Hinh 3.16
Hinh 3.17
Hinh 3.18
Hinh 3.19
Hinh 3.20
Hinh 4.1
Hinh 4.2
Hinh 4.3
Hinh 4.4
Hinh 4.5
Hinh 4.6
Hinh 4.7
Hinh 4.8
Hinh 4.9
Hinh 4.10

Hinh 4.11
Hinh 4.12

Hinh 4.14
Hinh 4.15
Hinh 4.16
Hinh 4.17
Hinh 4.19
Hinh 4.20
Hinh 4.21

Su kién va dép tng

RTOS nhan thoi gian thuc va RTOS da nang

Module 14p biéu ctia nhan HDH

Cac chuc nang nhan RTOS

Cac h¢ diéu hanh RTOS

Heé thdng nhung thoi gian thuc

Vi tri cua PMTG ¢ HTN

Mo hinh cac 16p mang theo TCP/IP, OSI va anh xa vao HTN

Céc ung dung WEB trong HTN, dit ¢ 16p phan mém tmg dung

Céc thudc tinh chung cta phan cimg cia mot HTN

Mot kiéu dic ta tién thiét ké HTN

Kich ban mé phong hiéu nang khi thit ké HTN

Céc céu trac kiéu “4+1”

Céc pha thiét ké HTN

Giai thuat thiét ké may i+ laser: phe. “hoach climg/mém

Phan hoach thiét ké Shdn  “ng va phar. mém

Dong thiét ké plai. ng va p. » mém-dong kiém nghiém, toi wuthiét ké
Qui trinh thic & kié « ASIC

X4y dyng m6 hir. hinh thire: Bude sang loc sir dung cach tong hop phan cing
va phan mém dé chuyen hoa xac dinh chirc nang vao mé hinh phan cting cua thiét
ké.

Bo mach HTN

M&i tuong quan giita gia thanh hé théng/hiéu ning

va mirc d¢ tich hop thong/hiéu ning

Qua trinh bién dich thanh ma may tao ra HDH

Pinh dang mot tép thuc thi ELF

Tong quat cac budce tao nhan HDH méi tir m3 ngudn

Tong quat cac bude tao nhan HDH méi tir ma ngudn va kiéu khoi dong
Céc loai cong cu ho tro g roi

Két qua hién thi cta go rdi

Lién két giir hé phat trién va hé dich dang dugc go rdi
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Mai trudng phat trién chéo: hé phat trién — cong cu - HTN dich

Heé thong nhung : phan mém nhiing va phan cingnhing

Hé phat trién HTN

Qui trinh phat trién phdn mém dich dé nap vao HTN dich.

Qui trinh phat trién phan mém cho HTN

S& d6 don gian hé thong va anh xa bd nhd vaio EEPROM hay FLASH ctua HTN

Vai tro cua trinh loader

Phan program header table chi ra cac phan doan duoc st dung lic chay chuong
trinh (run time) va phan header liét ké tap cac phan nhi phan : .text: ma chuong
trinh, .rodata: dir li¢u chi doc, .data: dit !i¢u doc/ghi duogc.

Anh xa thyc thi chuyén vao bo nhd ¢ hé théng

Vi du téng quan vé boostrap hé t. 6ng

Trinh tu boot boot image chzy  ROM

Trinh tu boot thuc hién 2 RAM sau hi image da dugc copy tir ROM vao RAM
Chay image sau khi i ta. 10ng hé di_n tir hé phat trién (PC)

Tién trinh kho1.Z¢. ohan me. HTN
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Chwong 1. GIOI THIEU CHUNG VE CAC HE THONG NHUNG
1.1 KHAI NIEM VE HE THONG NHUNG (HTN)

Nhin lai nhitg nim 70 thé k¥ trude, xir 1y thong tin thudng phai sir dung cac may tinh 16n hay
may tinh mini (vi du dong may mini PDP 11 ctia hdng DEC mét hé thong théng tri trong truyén
thong). Cho t6i nhitng nam 80, khi vi xir 1y va mdy tinh c4 nhan (PC dé ban va xach tay) ra doi,
may tinh tro thanh cong cu dic dung cho xir 1y thong tin boi kha ning tinh toan nhanh, gon nhe
va di dong linh hoat. Giai doan tiép theo 1a kha nang ché tao vi mach kich thudc vai traim micro
mét va nano mét cta nhitng nam chin muoi, da thiic ddy xu huéng nhé hoéa (miniaturization) va
da dang cac dong vi xir 1y, phat trién manh m&. Céac bo vi xir Iy da nang va sy xut hién cac vi xir
Iy chuyén biét (ASIC- application-specific integrated circuit) dugc ché tao voi sb lugng 16n chua
timg thiy. Viéc sir dung cac bd vi xir Iy chuyén biét dé tao ra cac thiét bi chuyén xir Iy mot hay
mot vai bai toan ki thuat, tao ra mot nghanh cong nghé mai, goi 1a cong ngh¢ nhiing. San phém
ctia cong nghé nhung nay 13 cac hé théng nhing.

Vay hé théng nhiing (HTN- Embedded system) 1a g

C6 nhiéu dinh nghia vé HTN, nhung néu ta 1y ¢ 3u ch: 6 ta HTN 1am cai gi va str dung n6 nhu
thé nao, thi c6 thé ndi vé HTN nhu sau:

Heé théng nhung 14 mot thuat ngi» A chi 6t hé théug c6 kha nang hoat dong tu tri dugc
nhing vao trong mot moi truong hay+ 3t hé thong . “4c-qui mo phirc tap hon. D6 1a cac hé thdng
tich hop ca phan cung (14 mot hé nbng 4y tinh duoc xay dung trén co so sir dung vi xur 1y -
microprocessor-based system).=""~nan phe nhiing trong phan cimg d6, dé thuc hién cac bai
todn chuyén biét.

Hay theo dinh nghia ¢ t# chirc IEEE thi hé thong nhung 13 mét hé tinh toan (mdy tinh
$6) nam trong (hay dwrgc nhing ‘o) san pham khac 16n hon va rang thong thuong an ddi véi
nguoi st dung. Noi rong ra, va don _1an hon, khi mgt hé tinh toan (c6 thé 1a PC, IPC, PLC, vi xit
ly, vi h¢ théng (microcontroller), DSP v.v...) dugc nhung vao trong mdt san phém hay mot hé
théng nao do6 va thuc hién mét sb chire nang cu thé cua hé théng do, thi ta goi hé tinh todn do la
mot hé thong nhing. Tuy nhién that khong dé gi dinh nghia cho that dung vé HTN, dinh nghia
trén rat it néi toi cong nghé va ciing rat don gian. Hién nay chua c6 dinh nghia nao that thoa dang
vé HTN, vi du néu ldy chtic ning xtr 1y thong tin, thi HTN 1a mot phan xir Iy thong tin nhing
trong cac hé théng 16n hon va phtic tap hon, hay ciing c6 thé 1a mot hé thong doc 1ap van hanh tu
dong. Vi du gan giii ta c6: may tinh ca nhan, hay may cha, 1a mot hé thdng phirc tap duoc xay
dung tur cac thanh ph?m hoat dong ddc 1ap nhung duoc déng bd v6i nhau. Vi diéu khién dd hoa,
¢6 vi diéu khién rat manh xu 1y d6 hoa, vi diéu khién trén dia cing c6 vi diéu khién chuyén dung
dé xir 1y tin hi€u, ghi/doc dit li€u tur dia tr tinh theo yéu cAu cla hé diéu hanh, vi mang ciing la
mot vi diéu khién tinh vi xir 1y tin hiéu... D6 1a cac hé thdng con duoc nhiing trong hé théng may
tinh noi chung. Mic du vay ta ciing s& néu ra day mot s6 diém chung vé HTN.

1.2 PAC PIEM CUA HTN
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bé hicu rd hon vé HTN, ta néu ra mot s6 dac di€ém dé€ nhan bict vé mot h¢ thong nhung:

= La mot kiéu mdy tinh iing dung ddc biét, rat gidi han vé phan citng va phan mém khi so
sanh v6i cac may tinh da ning, nhu may tinh c4 nhan, may chu, siéu mdy tinh. Diéu d6 ndi
Ién réng hi€u nang xu 1y, nang luong ti€u thy, bd nha, cac phén cung khac déu han ché. Con
phan mém han ché, hay phan mém 13 cb dinh, c6 nghia hé diéu hanh duoc thiét ké phu hop
v6i cac xur Iy da dinh. Hién nay hé diéu hanh thudng sir dung 13 hé diéu hanh da nhiém (nhu
DOS 6.X hd trg da nhiém trén cac loai HTN dong PC 104), hay hé diéu hanh thoi gian thuec.
Néu khong c6 hé diéu hanh, thi ciing 1a mot kiéu chuong trinh diéu khién chung (monitor)
nao d6. Phan mém viét ra khong c6 cac phan mi c6 mirc d triru tugng hay cé cling & muc
thip. M3 thuc thi (gdm hé didu hanh va cac tng dung) duoc nap vao bd nhd ROM. Nhin
chung ma thyec thi c¢6 kich thudc nho va t6i wu vi ROM c6 dung lugng nho. Tuy nhién véi su
phat trién nhanh chong ciia cong nghé, cach néu trén co thé thay doi, bai s& c6 cac HTN rat
tinh x40 va muc do phuc tap rt cao, b0 nhd ¢6 thé dén vai chuc mega bytes.

»  HTN duwoc thiét ké dé thuc hién mot hay vai. =g dung xdc dinh, chuyén biét (Application
specific), vi du cac thiét bi nhung cong nghi?) nhu ~bot thudc loai ndy. Tuy nhién ¢ nhiing
thiét bi nhung khac nhu cac PDA, diér< hoa1 di dor._ la.cac HTN c6 khd nang thuc hién
nhiéu chtrc nang hon. Hay cac Tivi b thue =6 lai c6 thé thuc hién cac tng dung tuong tac
v&1 man hinh cdm Ung, v.v... Tur nhién xu he 2g hién nay 1a tao ra cac HTN kha trinh c6
giao dién két ndi vi mot hé ph 't tric. “hac dé ndag cap phan mém.

= HTN tuong tac v6i méi tru. g tng du qua nhiéu phuong thirc:

v Qua cac bd car. “iéd (sensor), ghép ndi vao HTN bang diy dan, hay khong day;

v Phat trién cac giac e truyén tin riéng biét, hay theo cac giao thiic chuan dé trao
doi thong tin vdi cac .iét bi khac, c6 thé co hd tro ndi mang LAN;

v HTN thudc loai thiét bi thong minh tw phan ung (reactive), bi dong nhung tuong
tac lién tuc v&i moi truong va c6 dap tmg kip thoi véi nhiing tién trién (su kién)
ma moi truong do xac lap.

v Twong tac ngudi-may rat don gian néu c6 vi HTN chay doc 1ap va thong tin v6i hé
thong 16n hon 1a chinh. Ngay nay xu huéng WEB hoéa giao dién twong tac 1a pho
bién, vi du cac thiét bi két n6i mang Internet nhw ADSL dong SOHO (Small
Office-Home Office), c6 WEB dé lam c4u hinh va quan tri. Tuong tu, cac HTN
cong nghiép ciing phat trién theo xu huong nay dé dé quan tri tir trung tdm diéu

khién.
= HTN hoat dong doc ldp, do do cac dac diém sau day:
v Do tin cay, li tuong 1a khong co su ¢ hong hoc.
v Bao tri: thoi gian bao tri nhanh chong.
v C6 tinh san sang cao, 1a két qua clia sy tin cdy va bao tri.
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v An toan: néu c6 su cd xay ra, HTN khong gay ra nhimg tac hai khic cta toan hé
théng.
v An ninh: dit liéu ctia HTN duoc bao mat, truy nhap phai c6 xac nhan (vi duy, HTN
1a c4c thiét bi truyén thong, SOHO).
»  HTN la mot kiéu may tinh co yéu cau vé chat lwong va do tin cdy rét cao, hoat dong dwoc
trong cdc méi truong khdc nghiét vé nhiét do (cao, hay rat thip), d6 4m cao, do rung dong
16n, nhiéu séng dién tir v.v... Vi du cic may tinh trong cong nghiép, cac thiét bi truyén thong,
tram BTS chang han, hay cac mdy tinh diéu khién trén may bay (fly by wire)...

= Phan l6n cac hé thong nhing hoat dong véi sw rang budc thoi gian: yéu cau c6 thoi gian
cho (dap tng) dau ra nhanh, dung thoi diém, trong mbi twong quan véi thoi diém xuét hién
cua (su kién) dau vao. Kiéu hoat dong nhu vay goi 1a tao dap ung theo thoi gian thuc. Thoi
gian thuc co thé chia ra 1am hai kiéu:

v Nhay cadm v6i thoi gian (time- sensitive): r kién chi dugce xtr 1y trong mgt khung
thoi gian nhét dinh;

v Thoi gian t6i han (time critical): khi co v kién, hé thdng phai phan mg ngay,
chuyén nhanh nhit dén ma<€n ng trinh . voi sy kién d6 dé xur 1y, noi cach
khéc trong mot cua s6 thul gian ¢ phép, xtr ly phai dugc thuc hién va phai co
dap tmg dau ra. Vi dv'n. .vong phan 51 trong cac hé ¢6 diéu khién ¢ ¢6 HTN la
bd diéu khién chay g ai thu, tiéu khién khong du nhanh (xir 1y, tinh toan qua lau),
hé thong tré néi khe g 6n dini

= (6 hiéu ning cao. Cac A @) sau ddy se phan anh dic tinh nay:

v St dung nang lugng H4p va hidu qua. Co thé thdy diém nay & cac thiét bi di dong.

v Mai phan mém c6 kich thudc rat tdi wu, vi ma phai cai toan bo trén HTN.

v Thoi gian xt 1y tic vu (run-time) phai nhanh, str dung it tai nguyén phan ctng (vi
lién quan tdi tiéu hao nang luong).

v Trong lugng nho. Day 1a mot trong nhitng luc chon khi mua mot HNT.

v Gia thanh rat canh tranh. Mudn vay thiét ké va st dung phan cing, phan mém cin
quan tam td1 hi€u qua.

Du6i day 1a cac vi du vé cac HTN nhin & goc d6 sur dung:

Linh vue ing dung Thiét bi nhiing
Ot Panh Itra dién ti, Diéu khién dong co, hé théng phanh, ho SO ...
Dién tir tiéu dung Tivi analog, Tivi s§, CD, DVD, VCR,...
PDA, Dién thoai di dong, CAMCODER, GPS, ti1 diéu hoa, ta
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lanh, 1a vi song ...

Cong nghiép Robot, ddy chuyén san xuat ty dong, SCADA agents. ..

Y té My tham tach, may pha-loc, may thd, may tro tim, may quét cat
1at, rat nhidu thiét bi y té hién dai. ..

Mang thong tin (WAN, LAN, thoai) | B¢ dinh tuyén, gateway, chuyén mach mang, cac thiét bi tmyén

thong-mang, tram chuyén tiép, BTS di dong ...

Vin phong May Fax, may potocopy, may in (kim, laser, phun), may quét, man
hinh LCD...
Cac linh vyc khac: an ninh, quoc Puogc hop nhat trong rat nhiéu khi tai hién dai cua tt ca cac binh
phong, hang khong, hang hai ching .

1.3 CAC YEU CAU VOI HTN

HTN thyc té 1a mot loai mdy tinh ding <¢ x 'y thong tin d ¢ dang s6. HTN c6 thé 1a

mot hé théng doc lap nhu mot thiét bi tich cus trong 10 hinh diéu khién, tre HTN 1a mot
regulator 56, thuc hién céc chuc nang cua F. > regulator, i cac chiic nang nay dugc thé hién
boi thuat toan va chuyén hoa ¢ dang rwa chuong *nh trong HTN. Trong khi ¢6 HTN lai 1a mot
phan ctia mot qui trinh cong nghé t=on, ~6ng nghiép Whu trén da liét ké cac dic diém chung ma
cac hé théng nhiing thuong co, ty ahién « =6 thé rut ra dugc nhitng yéu cau can co trén mot hé
thong nhiing.

1.

EA N

Kha néing ddp in, 6i < kién bén ngoai (tlr cac tac nhan bi kiém soat) phai nhanh
nhay, kip thoi, tire 1a +. 3 ndng theo thoi gian thuc:
V' Cdc tac vu c6 dap .ng rang budc boi thoi han chot (deadline);
v Thoi gian phat hién 16i phdi rdt ngan (t6i thiéu);
v Khi chay cdc chu trinh vong lap diéu khién bang phan mém phdi c¢6 ddp ing
dau ra dung thoi han;
C6 kha nang lam & mdi treong khdc nghiét.
C6 gid thanh thap hay hiéu qua hoat déng/gia thanh hop Ii.
Kich thuéc nho gon, nhe, d& mang dé van chuyén, lap dit.
Tiéu thu ndng leong thap, kha ning sir dung ngudn pin, dc qui (tat nhién phu thudc vao
dung lugng cua pin, ac qui).
Hoat dong tin cay, chiu 16i cao

v Tin cdy: dap vmg dich vu yéu cau ding thoi han sau thoi gian tir ty dén t;
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v’ Cho hang sé cia ti sé sw cé trong thoi gian 1 gio dong ho la e (e/h), thi biéu
dién ti s6 sw c6 la R(t)=exp™™ sau dé thoi gian gia 2 lan sw cé (Mean
Time To Failure- MTTF) sé la 1/R(t);
v B¢ tin cdy cao néu dat ~1 0’ s co /gio.
v Tinh sdn sang cao: Néu thoi gian sira chita sw cé trung binh la MTTR, thi tinh
san sang (availability) A=MTTF/(MTTF+MTTR).
7. An toan va bdo mdt.
8. Kha ndng ndng cdp phan mém va dw phong ndng cdp phan cirng (mé rong qua khe
cam duy trir, vi du cac thi€t bi mang thuong co6 tinh nang nay).

1.4 MO HINH TONG THE HTN

Nhu da néu trong dinh nghia ciia HTN, thi HTN ¢6 kién triic cia mot mdy tinh s6, do vay s&
khong c6 gi khac biét khi mé td mé hinh kién triic eia HTN noi chung. C6 khac chang 1a & chi
tiét cua timg HTN cu thé.

1.4.1 M6 hinh cAu tric phan cimg ciia ma;  ‘nh
Duéi day ta néu ra mo hinh tong quat #ue.ma, ‘nh theo niguyén li Von Neumman. HTN ciing
chia sé kién trac ndy trong mot s6 trd 2g hop. Mo ‘nk cho thiy cac khéi chiic ning co ban can
¢6. Trong thyc té ¢ nhitng CPU « 1wng . * kién tric cy thé khac nhau, nhung khi mé ta cac khoi
chirc nang, thi hoan toan théne ¢
MG hinh ldy don vi xit I # ng tan (Central Processing Unit — CPU) 1a khéi chtic ning co ban
nhat dé tao nén mot hé vi xur 1, “UNT hay may tinh ca nhan (Personal Computer — PC).
= CPU thuc hién chirc na > xir Iy dir liéu theo nguyén tic thyc hién chuong trinh may
tinh cai trong bo nhd ROM hay nap vao by nhé RAM. Viéc thuc hi¢n nhu sau: CPU
doc ma Iénh (OPCODE) tir b nhd (ROM hay RAM), sau do,
v' Giai mi 1énh, tao cac tin hiéu (xung) diéu khién twong tmg voi mi 1énh dé diéu
khién hoat dong ctia cac khoi chirc nang khac trong CPU va bén ngoai CPU.
v Tap céc tin hiéu tao ra BUS ciia CPU. Khi két hop véi cac vi mach don /tich
kénh va khuyéch dai, cic mach giai ma,... s& tao ra BUS hé thong. BUS hé thong
cung cép cac tin hiéu cho cac vi mach tich hop vao CPU (ROM, RAM, /O
module) tao thanh bo mach chinh (CPU board).
v Thyc hién tirng budc cac thao tac xir 1y dir liéu da dinh nghia trong ma Iénh.
v' Ghi lai két qua thyc hién 1énh.
= B0 nhd chinh (ROM/RAM) duoc t6 chirc tir cac tir nhd don, kép. Theo chuin cua
IBM/PC tir nhé don (c6 s6) c6 dg dai 1 byte (8 bits). B6 nhd ndy gdm cac chip nhé
chi doc ROM (Read Only Memory) va cac chip nhé truy xuit ngiu nhién RAM

(Random Access Memory) co tde do truy cap nhanh. B§ nh¢ dugc st dung dé chtra
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cac chuong trinh va cac dit liéu can xur 1y. Cac chuong trinh Gmg dung va dit liéu co
thé dugc chira & ROM hoidc RAM, céc két qua trung gian hay két qua cudi ciung cta
cac thao tac xtr Iy c6 thé dugc chira trong cac thanh ghi da dung hoic trong RAM.

bong ho thach
anh nhip chuin Bé nhé Ghilboc B nhé chiboc
(RAM) (ROM)
Hé théng dwdng [l day dia chi (ADDRES Bus] ) >
B vi xtr li trung " - s BUS
tam Hé théng dwong day didu khién (CONTROL BUS) )
(CENTRAL hé
PROCESSING thong
UNIT)
Hé théng dwong | daydi liéu (DATA BUS) >
Ghép ndi a Ghép néi vao (1)
Nguén nuéi mot J ‘
chiéu \7

Hinh 1.1- Mo hinh to. ~quat bo mach chu

Céc mach ghép ndi vao/ra” I/O in “face) la‘cac mach dién tir, thuc hién cac gidi phap ki
thuat thich g tin hi&; uc “hang... « ~phép CPU trao ddi dir liéu véi cac thiét bi ngoai
vi nhur ban phim, i hinh. nay in, cac bo chuyén dbi sd-tuong tu DAC (Digital/Analog
Converter), chuyén do1 ‘g tu-sé ADC (4nalog/Digital Converter), cac mach vao/ra dir
lidu dang s6 DO (Digital C. wuts), DI (Digital Inputs). ..

Haé vi xir Iy con c6 mdt mach tao xung nhip goi 1a CPU Clock. B tao xung nay duogc diéu
khién béing mét mach thach anh c6 tan sd thich hop va dam bao tan s6 1am viéc on dinh,
v6i tan s6 chinh xac cao. CPU c6 mét chan phat xung cho cac vi mach con lai, goi 1a dong
hd hé thong (System Clock), ddng hd nay ndi t6i tat ca cac vi mach diéu khién chinh trén
bo mach, déng bo toan bd hoat dong véi1 CPU.

Mot khdi ngudn nudi (Power Supply) cung cép nang lugng cho hé thong tir mang dién
ludi, hay str dung pin. Bo ngudn ciia cac hé vi xir 1y thong thuong 1a bd ngudn xung vai
k¥ thuat dong-ngit dung linh kién ban dan cong suat (Switching Power Supply), vira gon
nhe, cong suét da 16n, hiéu suét cao.
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Chinh lwu
sSCr cap

Dién ap mét chiéu

Yy

Dién ap Power o oo,
mét chiéu  Switching :
so cap Transistor 3V, 212V
B6 loc s L Benap L1 chinn vy —B6 loc thir
A Xung s :
cap thir cap cap

,

220VAC

Mach cam bién -

Tin hiéu cdm bién dién ap

chuyén mach

Hinh 1.2-Nguén nudi cho hé may tinh

» Phan loai trén co sd vi mach

Tuy nhién khi dé cap t6i cu trac cia HTN dugc x4y dung trén cong nghé vi mach, co thé

¢0 hai loai khac biét:

Vi diéu khién (Microcontroller ) va vi xir li (mic1. vocessor) khac nhau theo vai cach, truée
hét 1a chirc nang. bé su dung mot vi xtr 1i, cin 20p nh nhiéu thanh phﬁn vao do: bo nho, 1/0,
COM ... va do vay vi xtr Ii 1a trung tdm cta’c. 8 thong. Ti. g khi d6 vi diéu khién dugc thiét ké
theo tiéu chi: tat ca dugc tich hop trong/iotvi m., ™. didc biét 1a cac giao tiép 1/O, tirc 1a s& khong
can thém thanh phan nao vao d6. Lol .
nhé gon rit nhiéu. Tuy nhién do pr.An ctr_ han ché, nén linh vue tng dung ciing phai duoc xac

dinh.

\ i

1a & cho tr. Kiém thoi gian thiét ké va kich thwéc sé

H¢é thong nh. S dua trén
b0 vi xir ly trén » 'mach
(Microprocessor-based

Embedded System)

H¢ thong nhing voi
vi diéu khién trén bo mach
(Microcontroller-based

Embedded System)

Motorola 6800...),

doc lap,

nang pho bién (Intel 8080/8085,

= (C6RAM, ROM, dinh thoi , /O

don,

= (Co6 CPU doc lap, co thélaCPUda |= CPU dang 161 chuyén biét, RAM,
ROM, dinh thoi, I/O trong mdt vi mach

= RAM, ROM c6 dung lugng cd dinh,
I/O du cho muc dich st dung,
=  Kha nang m¢ rdng RAM, ROM, =  DPon muc dich, ing dung xac dinh,

/O tuy y, tiéu hao it nang lugng, gia ca hop li
*  Paning, dit tién. cho mg dung nhung.
= Kién triic gan nhu mot may tinh * Kich thugc nho, gon.
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nhung c6 kich thudc nhé. Thiét ké chirc ndng:
Thiét ké chirc ndng: = Duoc thiét ké dé co tit ca trong
»  Can phai c6 cac vi mach RAM, mot Chip !
ROM hop thanh tir bén ngoai vi mach. | = Ning luc tinh toan duoc thiét ké tdi
= Khong thé két nbi v6i ngoai vi uu cho tmg dung xac dinh, cac ing
ngoai vi, can c6 thém cac vi mach hd dung chuyén biét.
tro cho chirc nang nay. = Rt phu hop dé xay dung cac HTN
= Tuy nhién ning lyc tinh toan = Tiét kiém gian thiét ké.
manbh.

& Microprocessor-Based Embedded System "Microcontroller-Based Embedded System

n
:
&
|;.
i
|43 ]
®
g
i
&

L ]
» Program =
:“mw: :------'
-l o : o : bt i
......... . L § e
a4 . bl , Microprocessor @ 0 1o - 3
: . memema- o Core - :
:Micmprnnesaor: ' wo r - . :: TR T
- : . réng bo m, MR : o :: ——
a T - . . s M ring
.......... - . .
.................... nang cua
: : o H- - . Ch
» Real-Timas " " " o ] » Real-Times | ip
g Glock o L = o * + Clock "4
------- . FET L -.--..--.--E
. .
Ghép nai thiét bi ngoai I

Ghép nii thiét bi ngoai

Hinh 1.3 HTN xdy dung tir xdy dung tir vi xir lj(Microprocessor-based) va vi diéu khién

(microcontroller based)

22



XAy dung cac Hé thong nhiing

O|nput:-l: Receiving <:‘L\:“mput
e — | e — >
converter
da Input
Serial [~ | register Data
unit Cutput
register _Data
G
g‘l/ﬁ O unit
:
MEMORY L

Addresses

rmerm. location 14
| | - Wik Control
—*F» ines cpu
Free-run - | Independent
counter counter
- A
Tlm_er Watchdog
unit timer

Hinh 1.4 Chip Micrelontroi. wva cdc thanh phdn co badn,
BUS két né #n trong.Ta. 4irong mot chip.

1.42 Kién tric ciia CPU

Phén nhiéu céc tai liéu khi < cap to . thiét ké ATN, déu danh mot s6 chu dé vé kién triic va cach
thiét ké ché tao CPU. Pay la . A*'van dé chuyén va rat sau, tai liéu nay sé khong dan xuét. Tai
lidu chi gidi han & gidi thiéu cac 1 CPU c6 thé sir dung dé thiét ké HTN. Cac kiéu CPU nay rat
phd bién trén thi truong, rat da dany v6i ning luc xir Iy khac nhau va phu hop cho mdi loai ting
dung nhung. Dué6i day 1a mot trong cac quan diém nhin nhan CPU:

v' Tap lénh: c¢6 thé 1a CISC hay RISC, trong d6 RISC 13 phd bién.

v" Hoat dong theo kiéu Von Neumman, vi du dién hinh nhu hinh vé trén, trong do Hé
théng BUS dia chi va BUS dir liéu, BUS diéu khién chung cho toan bd hé théng, bd
nhé chia sé chung cho toan hé théng voi ving mé 1énh (code) va dit lidu (data) trén
cung khong gian dia chi bo nhé va BUS dir lidu khong thé truyén dong thoi ma 1énh va
dir liéu cung mot thoi diém. Qua trinh thyc hién mot 1énh may nhu sau:

1) Poc ma Iénh tt ROM/RAM qua BUS dir li¢u vao CPU, gid ma dé xé4c dinh lam
gi tiép theo;

2) Doc dir licu tiép theo la mot phén cua lénh (operands) néu co;

3) Thuc hién 1énh khi di doc hét cac operands cua lénh;

4) Luu két qua vao thanh ghi hay ra RAM.
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Trong qua strinh thuc hién 1énh, BUS dit liéu 1a kénh duy nhét dé trao doi dit liéu, do
vay ta n6i BUS dit liéu co thé bi “bao hoa”, hiéu ning tinh toan bi han ché. V&i cac
CPU hién dai BUS dit liéu duoc cai tién rat nhiéu, dic biét 1a giao thirc BUS va dong
hd BUS duoc nang cao dé cai thién han ché ndi trén.

Va hoat dong kiéu Harvard v&i mot sb dic diém khac biét :

v" Howard Aiken (1900-1973) khi xay dung mdy tinh véi cac relé da tach cac b nhd
di ligu (RAM) va by nhd chuong trinh (NVM Non Volatile Memory: ROM,
FLASH) véi cac bus riéng 1& dé truy cap vao bd nh¢ dir liéu (RAM) va bd nhé
chuong trinh  chtra phan mém nhiang (hé diéu hanh, Device drivers, Gmg dung
nhung ).

v' Bus cho 1énh va Bus cho dit liéu tach biét, diéu hanh doc 1ap nén 1énh va dit liéu c6
thé duoc dua ra ciing mot luc, cai thién toc do so véi thiét ké véi chi mot bus.

v/ Phan biét rd rang bd nhd dir liéu va bd nh4 chuong trinh, CPU ¢6 thé vira doc mot
1€nh, vira truy cap dir liéu tir by nhé cr7ig lac.

v" Do cac BUS doc 1ap, CPU c6 khé nan, “im trude cac 1énh (instruction prefetch),
nén voi kién trac Harvard chuenig trinh che nhanh hon, bdi vi né ¢ thé thuc hién
ngay lénh tiép theo khi vira ét t. = 1énh trude do.

v' Tuy nhién vé kién trac o) phan phu ‘ap hon trong phan ctng, v6i 2 BUS doc 1ap
gay kho khan nhat #inh o cac ngdt ngit 1ap trinh cp cao (vi du nhu C,... )
nhung cho hiéu ar4 hon cho  “c ing dung nhing. La loai phd bién dé thiét ké cac
HTN.

Sy o, Addrass p,————,
Data <1:::> Data
—)

memary memary
Data § /

Address Addrass )
Central Central

- Input/ . <::> Input/
Processing - Processing <:>
output G IR

Unit (CPU) Unit (CPU)
Data \ ;

Address P

Prog ram C:> PI’Ogram

memory Wl

\. /" Data J

a) Kitn triic Von Neumman b) Kién tric Harvard

Hinh 1.5 Hai kiéu HTN véi 2 logi kién triic CPU
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Vi du Havard CPU ARM 920T, 1a loai CPU cai tién v&i mdt nhé cache cho 1énh va mét cache cho dit

liéu.

ETM Interface

CERED

ARMITONMI™
core

Write buffer

Control Logic and Bus Interface Unit
'AI?

Hinhl.6 Havard CPC RM 920T cua Amtel

ARMI20T

1.4.3 M5 hinh tong quat cia mp r HTN
v’ Cdc khéi chire ning:

Moi truong hoa. “dng. noi st dung HTN,

Chap hanh: 14 cac ti. * bi cong nghé,

Cam bién: thiét bj dic.0iét ghi nhan théng tin cong nghé (vi tri, vong quay, toc do,
nhiét do, ap suat, kich thudc (cao, dai, sau) ...),

Ghép nbi: 1a cac thiét bi phdi hop, chuyén hoa cac thong tin tir cam bién thanh tin
hiéu dién d€ so6 hoa,

Cac bd s6 hoa (A/D) va tuong tu hoa (D/A),

Ghép ndi véi cac hé théng khac: lién két cac HTN khac, mang dir liéu, Trung tdm
dieu khién SCADA, ...

Ghép nbi BUS hé thong

CPU, RAM, ROM (FLASH),
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—

151 tnydng hoat ddng

Chép hinh

£
I

Ghép ndi ngoad wi

1

ra
- [ &}
=
=
=
= £
=h \I' \} i m
o — Ghép ndi véi BUS hé théng E
= =
(=§
=
<N - RAM ] 3
B& oy U
— MW
e - -/( mnbedded scﬂware]
4[ ¥ usnn

J_

Hinh 1.7 M6 hinh tér ~ quat HTN- 5 hinh véi cac khoi chire nang

= . 1
T Peripheral Bus 4
=
@
- =
@ «——| DEBUG Po
S —— Non-volatile memory Custom Devices
* EPROM, FLASH, DISK .« ASIC
i * Hybrid * - FPGA
Microprocessor - PAL
« 4, 8,16, 32, 4 bit bus
* CISC, RISC, DSP ] Standard Devices
+ Integrated peripherals Volatile Memory « /O Ports
* Deb Test Port o -
Toe RoflestRal DRAM, SRAM —— . Peripheral Controllers
Caches g
e + Hybrid
* Pipeline
* Multiprocessing Systems
Communication Devices
-* Ethernet
& - RS-232
- scsl
« Centronics
System Clocks « Proprietary
* RTC circuitry
Software

* Application Code
* Driver Code / BIOS
* Real Time Operating System

» System clocks
+ Integrated in uC
* Imported/Exported

Microprocessor Bus

* Custom
» User Interface = PCI
» Communications Protocol Stacks *VME
» C, C++, Assembly Language, ADA « PC-102

* Legacy Code

Hinh 1.8 Mgt cich nhin khéc vé mé hinh tong quat HTN:Véi cdc khdi ngoai vi va phan mém
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v’ Kién triic triru teong: 16p xép chong

Khi n6i vé kién tric mot hé thong, thuong ta dé cap tinh téng quat va nhimg chirc ning
co ban. Nhu vdy & muc d6 tong quat, cac 1op phan cing va phan mém dugc dé cap nhu cac
thanh phan (element) hop thanh. Cac thanh phan kién trac c6 thé hop nhét bén trong thiét bi
nhing hoidc ton tai bén ngodi va twong tac voi cac thanh phan bén trong theo mét cach nao do. O
cach nhin kién trac, thi kién tric duoc biéu dién bdi cac cdu trac. Mdi ciu trac bao gém mot tap
hop céac thanh phan dic trung, cac thudc tinh va nhimg dic ta vé mdi quan hé bén trong cac
thanh phan do.

Kién trac 16p xép chdng co ddc tinh la méi Iop chi sir dung chirc nang(hay dich vu) ciia
tang dudi né, dong thoi chi cho phép tang trén sir dung cdc chire nang (dich vu) ciia minh. Kién
tric nay c6 loi thé vé an ninh, bén vimg, don gian vé thiét ké, dé nang cap (cac dich vu), thuc
hién mdi 16p va kha nang nang cap “ndng” ngay ca khi hé théng dang hoat dong. Vi du nguyén 1i
nay ta thiy & mo hinh mang chuan OSI (Open Systems Interconnection), kién tric cta hé diéu
hanh Unix/Linux.

M6 hinh mét NTH ciing duoc dic ta thes '+  kién triic dé dam bao vé do tin cdy, don
gian khi hoat dong:

Hinh 1.9 Kién tric triru twong HTN

- L6p phan cimg: Nhu & Cdc khéi chike ndng.
- Lop phan mém hé thong: Hé diéu hanh hay Monitor
- Lop tmg dung: La mot s6 chuong trinh (mg dung xac dinh ma HTN thi hanh.

1.4 PHAN LOAI HTN
Phan loai HTN c¢6 thé theo nhiéu tiéu chi khac nhau va c6 thé khong hoan toan giéng nhau (gidng
nhu khi néu dinh nghia vé HTN). Tuy nhién c6 thé néu ra day mét so tiéu chi dé phan loai HTN.
= HTN hoat dong ¢ dau:
v' Hoat dong doc 1ap: nhan dau vao tir cic tic nhan bi diéu khién, xir 1y va cho dau ra.
Thoi gian ¢6 dau ra (d4p ung) phai trong mot khung thoi gian nhit dinh theo y d6 khi
thiét ké.
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v' Hoat dong c6 lién két voi nhau gitta cac HTN va cic trung tim kiém soat khac. Loai
nay goi la HTN mang. Vi du cac HTN cuc bd tai cac thiét bi chap hanh dau cuoi cua
mot qui trinh cong nghé phuc tap lién két qua mang cuc bd ciia nha may hay cua mot
cO6 may phuc tap. Hé thong mang dién thoai di dong la mot vi du kieu HTN mang:
may nguoi dung <—> cac tram BTS <—> tong dai <—> tong dai <—> BTS <—> may
nguoi dung. Tén chung ctia HNT lai nay la HTN di dong.

Linh vyc Umg dung:

v/ Codng cu tinh toan nhu cic may tinh nhung chi dé chay cac bai toan nhat dinh.

v' Xir Iy tin hiéu: cac thiét bi video thoi gian thuc, DVD player, thiét bi y té...

v Tmyén thong, mang: thiét bi mang nhu router, chuyén mach (switch), firewall....

v/ Hé théng diéu khién va thu thap dir liéu.

Kién trac va qui mo:

v" HTN qui mé6 nh6 (Small Scale Embedded Systems) véi cac xac dinh nhu sau:

- Phan cting it phtec tap, thiét ké véi CPY au - loai 4, 8 bits;

- Phan mém don gian, dung mot me itor dé kie. ~oat hoat dong;

- Cong cu phét trién phin mér': soa thao chuoag trinh, hop ngir va hop ngit chéo
(asembler, cross asembler)’ moi truong 4t trién hgp nhat (integrated developememt
enviroment) st dung v/ vi ¢ "u khién hzy CPU da chon. Ngon ngir phat trién la C,
ma C dugc dich ra.«" " ohan to. =, dinh vi ma thyc thi trong b6 nhé ROM, dung
luong bo nhé gic han.

- Tiéu thu niang lwong A4 it.

Vi du : HTN don gian, chi %16t vai phim bam dé dua thong tin vao, mot vai dén LED
hién dau ra (trang thai nao d6). Vi du: HTN may di€u hoa nhiét dg, 10 nhiét v.v.

v HTN qui mé phuc tap:

- Phan cimg phrc tap: Thiét ké véi CPU 8,16 hay32 bits, hay sir dung vi diéu khién;

- Hé thdng c6 ciu tric voi BUS mé rong dé ghép ndi véi cac thiét bi ngoai vi;

- Phan mém nhung tinh vi, c6 hé diéu hanh dé thyuc hién cac nhiém vy, thao tac déng
thoi. Co thé 1a loai RTOS.

- Cong cu lap trinh: C/C++/Visual C++/Java, RTOS, ma nguén, cong cu ki thuat:
Simulator, Debugger. Mo61 truong phat trién hgp nhat (Integrated Development
Envirinment-IDE. Cong cu soft dé xay dung phan cung phtrc hop.

Vi du: cac HTN trén cadc may gia cong (kim loai, khuén nhya v.v).

v" HTN tinh vi (Sophisticated Embedded Systems)

- Phan ciing va phan mém rat dac bi¢t;
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Nhiéu CPU va c6 thé mé rong, hay cac CPU c6 thé cdu hinh duoc (configurable
CPUs), hay mang logic lap trinh dugc (programable logic array-PLA);

Phat trién cho cac 16p Gmg dung méi nhit khi cac img dung loai ndy can phai 8&co
qué trinh thiét ké dong thoi gitta phan cimg va phan mém, hop nhét cac linh kién & hé
thdng cudi cung, sir dung céng nghé ASIC dé ché tao CPU, vi mach dong xur 1y (con
goi la ChipSet hay Co-processor).

Vi du cac hé thong hang khong quin sy mdi nhit trén cac may bay (military/civil
avionic ), cac thiét bi mang cao cép.... Cac HTN kiéu nay bi ché ngu bai toc do xt 1y
ctia phan cimg (CPUs), Céc chirc ning phin mém nhu cac giai thuat ma hoa/giai ma,
giai thuat chuyén ddi tin hiéu sé (Fourrier/Z transformation), giao thirc TCP/IP
stack, cac ham chtrc ning mang nhung trong phan cimg dé ting toc xur ly; Mot sb
chirc ning phan mém dugc cimg héa (nhu DSP). Cong cu phit trién thuong khong
c6 san vi dit tién, do d6 phai phat trién riéng khi du éan dugc chép nhan.

HTN phan cimg hay HTN phan mém;

HTN theo An toan sy c6 (fail-safe), by v, an toan (fail-safe operational);
HTN dép tmg dugc bao dam hay “ap ing vor A luc téi da;

HTN vé6i ngudn tai nguyén d2-di . 2 ngudn ta: nguyén han ché;

HTN phan ing ngay v&is kién hay phe arag vai sy kién c6 thoi han.

Tai sao cac HTN lai cé 5w K. nhau ?

Co thé tra 101 don g1 16 15 do cac ung dung khac nhau va hé thong phai hoat dong hiéu

qua. Vi du:

1.

HTN la danh dé thue hiy . céc tac vu riéng biét. Cac tac vu rieng biét & day phén 16n
lién quan t&1 cdc xwr ly khac nhau chuyén biét, cac su kién, cac trang thai cua mot qui
trinh cong nghé, vi du qui trinh diéu khién may cong cy, robot ... Khi thay d6i qui
trinh, thuong dan t6i thay doi hay thiét ké lai ca hé théng. Nhu vdy c6 thé thiy can co
mot loai bd xur 1y thich hop cho lai tdic vu da néu. By xtr ly nhu vay goi la bo xtr 1y
chuyén biét (dedicated microprocessor), n6 khong manh nhu bd xur 1y da nang ta st
dung trong may tinh, nhu may tinh PC chang han. Vi du dién hinh 13 bo xu 1y tin higu
s6 DSP (Digital Signal Processor) dong TMS320 (TMS320C6000™ Multicore DSPs,
TMS320DM6446 DaVinci™ Video Processor ...) cua Texas Instruments, hay cac bo
xtr Iy MP3 (xtr 1y dit liéu 4m thanh da nén va giai ma dua vao khuyéch dai 4m thanh
10i ra loa).

Vi du so dd khéi chirc ning cia CPU DSP:
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[
External -:
Memory Power 1

ROMRAM/ | | Surply ]

é‘v Cache I

c 1

1

oot "
SITIIIOIT o Embedded |

t=hi - 1 I
Converter Pll‘E‘CS‘SIng <—| Clock I

i ‘ore |

! |
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Digital-to- I "
Analog 1 .‘. "
Converter : S.)-.slcm I

J " Peripherals :
{ : !
1

Ian.I-UOUIp . | Embedded Processor I
Device | |

Hinh 1.10 = do6 khéi Cr = DSP-MP3.

1
BOOT FLAL
MEMORY

IMWARE)
4
FLASH ANALOG
DEVICES
MEMORY [Ogg Vorbis . “EAM DECODED AUDIO AUDIO [AuDIO
(COMPRESSED|COMPRESSE. IDI A ) Sl OVER SERIAL PO DAC |ouTPuT
AUDIO DATA) LA

SDRAM

Hinh 1.11 B¢ MP3 véi CPU BlackFin cua ANALOG DEVICES

2. Nhu diém 1. néu trén, vé phén cung, cac HTN dugc thiét ké tir rat nhiéu loai CPU
nhung va cac CPU nhing ban than chung lai cé kién tric khac nhau. Hién trén thi
truong c6 thé liét ké cac kiéu CPU nhiing nhu: CPU van ning rit gon pht hop cho
mg dung nhung, cac vi diéu khién (microcontroller, PIC), cac kién trac kiéu hé thong
trén mot vi mach (PSoC-Programmable System on Chip)...

3. V& phan mém c6 s c¢6 thé tir don gian cho t6i tinh xdo, hé diéu hanh thoi gian thuc
(RTOS-Real Time Operating System).
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4. Vidumétsd HTN

= Phin cimg thuong mai 13 cac san phim nhu bo mach HTN (Microprocessor-based) day
du, thiét ké hoan chinh va di cung da c6 phan mém hé thdng (hé diéu hanh, hay monitor)
cai dit trong EEPROM, flash, c6 RAM hay con c6 dia ctimg ban dan (DiskOnChip dung
luong 32MB hay 16n hon), vi du nhu dong PC 104 duéi day:

Cisco 3200 Series Wireless and Mobile Routers for mobile applications,
based on PC/104 stacking technology, run the company's 10S software
and allow the networking of multiple wireless devices that run a variety of
communications links.

TMZ104
—~PC/104 Computer with Transmeta Crusoe TM5500 CPU
~TMZ104 Photo Features:
Low power fanless x86 compatible
Embedded BIOS
Linux OS
- Watchdog timers
Dual EIDE & floppy support
- USB, parallel port,
- PS2 keyboard & Mouse
Dual RS-232 serial

Hinh 1.12 Mgt s6 HTN thwong mai
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= Céc loai vi diéu khién dang bo mach.

= Cac loai vi xtr Iy roi dé thiét ké THN theo yéu ciu ing dung:
CPU : Intel 80X51, PIC 12F 675, Amtel 8051, PSoC (Programmable System on Chip) :
CY8C29466... Dic diém chung ciia cic loai nay 1a c6 kién truc ddy du chi trong mot vi
mach c6 mirc d6 tich hop ¢& 16n va rat 16n (VLSI: Very Large Scale Integration).
Bang dudi dy liét ké s loai CPU cho HTN tir cic hing khac nhau (chwa ddy du):

Anlxxx Advancad Micro Devices, ..

MIP532

1.5 KET CHUONG

Chuong nay gidi thiéu vé HTN tir dinh nghia, mé hinh, phan loai, cac dic thu va kién triic cia
HTN. Chuong ciing néu ra nhirng linh vyc cong nghé¢ ma HTN duogc sur dung. Tt d6 cling bat ra
nhimg yéu cau ky thuat trén HTN n6i chung va HTN cho tmg dung riéng biét.

Tham khio mdt sé6 dinh nghia HTN tir cic ngudn tai liéu:

HTN la mét hé thong c¢é phan ciing dwoc xdy dung trén nén tang phan cimg mdy tinh chuyén
biét véi phan mém dwoc nhing trong phan cieng do, nhw mét trong cdc thanh phdan quan trong
nhat ciia HTN. HTN do d6 c6 thé la mét hé déc ldp hay la métphdn cia mot hé théng lon hon.”

Mot s6 dinh nghia vé HTN:
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Wayne Wolf: “ what is an embedded computing system ? Loosly defined, it is any device that
includes a programmable computer but is not itself intended to be general-purpose computer”
[Computers as Components — Principal of Embedded Computer System Design].

Told D. Morton: “Embedded Systems are electronic systems that contain a microprocessor or
microcontroller, but we do not think od them as computers — the computer is hidden or embedded
in the system” [Embedded Microcontrollers]

Tim Wilmshurst: *“ Embedded system is a system whose primcipal function is not computational,
but which is controlled by a computer embedded within it. The computer is liklly to be a
microprocessor or micro controller. The word embedded implies that it lies inside the overal
system, hidden from view, forming an integral part of greater whole” [ An Introduction to the
Design of Small Scale Embedded System with PIC, 80c51 and 68HC05/08 Microcontroller]

1.6 CAU HOI CUOI CHUONG

1) Dinh nghia tuong di vé HTN.

2) Nhimng thach thirc nao phai dé“'mat khi thic %é mot HTN ?

3) Nhimg cach dé néu mé hir kie, -ic ciia mé. HTN ?

4) Thé nao 1a HTN kiéu vi'xi ly HTN “2u vi diéu khién ?

5) Néu cac khéi chire ring « mg hinh 1.7 m6 ta vé mé hinh mot HTN.

6) C6 bao nhiéu loai'+2n triic C 'J dugc st dung khi xay dung HTN ? Moi loai khac
nhau & diém a0 chu jéu ?

7) Néu cac thanh | »ar/phan cting thudng c6 trong mét HTN ?

8) Cac thanh phan 1. = bién d6i tuong tu-sé (ADC), sd-tuong ty (DAC), dinh thoi
(timer), cong (port) n.iat thiét can c6 trén mot HTN ? Tai sao ?

9) Co cac loai phan mém nao trén mot HTN ?
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Chwong 2. CAC THANH PHAN PHAN CUNG CUA HE THONG NHUNG

Chuong 2 d& cép t6i cac thanh phan phan ctng, nén tang co so cuia HTN. Bao gdm: bo xir 1y
trung tim (CPU) voi kién trac Von Neumman va kién trac Harvard, BUS cua CPU va BUS hé
thdng, bo nhd, cong. Tiép theo 14 ki thuat ghép ndi cac thiét bi ngoai vi vao véi CPU, cac chuong
trinh diéu khién ghép ndi. Bdi v6i CPU, tai lidu néu nguyén 1i kién trac, cac dic tinh ki thuat va
biéu d thoi gian hoat ddng cia CPU, gitp cho viée thiét ké phan ctng sau nay. Riéng vé tap lénh
khong dé cap tdi, do vay khi sit dung mét CPU nao d6 cAn ndm duoc tap 1énh cua CPU d6 dé co
thé 1ap trinh, viét cac trinh diéu khén bang hop ngit.

Noi dung chuong cung cip cac kién thirc phan ctimg va ki niang thiét ké, dic biét 1a thiét ké ghép
n6i v6i thiét bi. Cudi chwong 1a mot sd bai tap thiét ké don gian nhu thiét ké bo nhd ROM, RAM,
cong véi CPU, tao thanh mdt bo mach nhu mot HTN chua ¢ céc thiét bi ngoai.

2.1 BO XU LI TRUNG TAM (Central Processing 1.ui-CPU)

Céc hé thong str dung ki thuat tinh toan s6 dé xrly t. g tin déu can mot t6 hop cac mach sb dé
tao ra mot hé thong c6 kha nang: thyc hién c4C paép tin. ¥ luan 1i (logic), cac phép toan sé hoc,
cac quyét dinh chuyén hudng thuc hién cd hay “hong co dic . kién ... va quan trong 1 hoat dong
theo mot hé ma vi 1énh (micro-instruction code) v o mot trinh ty nhat dinh. Y tudng tao ra mot
hé thong dién tir s nhu vay chinh 1% ta. 2 mot bo x. 1y trung tm. BO xtr 1y trung tim ngay nay
rat tinh x4o, kich thudc rat nho ( coi 1on .~ 1 cm? ) nhung chta vai trdm triéu transistor, hoat
dong vai tan sb tir vai MHz +01 var iHz, cong suat tiéu tan tir vai Watt toi vai chuc Watt , vi du:
Intel Pentium Go 0 cong nghé: Clarkdale (32 nm), tan
$6:2.8 GHz,Powerdissipation: 7. “(http.//en.wikipedia.org/wiki/List_of CPU_power_dissipation

#Intel Pentium_Dual-Core). Poi la. .O¢ d6 tinh toan dat hon 1 ti 1énh may trong mot gidy (MIPS:
milions Instruction per second). Vi du: Intel Core i7 Extreme Edition i980EE :147.600 MIPS at
3,3 GHz , 44.7 lénhmdy/chu ki xung dong hé (véi f=3,3GHz, Tchuki=0,303 ns).

( http://en.wikipedia.org/wiki/Instructions_per_second).

Déy 1a noi t6i cac bd xir Iy van ning, ding dé ché tao cac may tinh (dé ban, may chu). Pdi véi
cac CPU dung trong thiét ké cac HTN, tan s6 1am viéc ctia CPU c6 thap hon, tir vai chuc, vai
tram MHz tré 1én. Tai sao vdy ? Pon gian khong phai luc ndo ciing can toc do tinh toan that
nhanh, va con tiy vao tng dung nhung d6 1a gi. T4t nhién cang nhanh cang t6t, nhung d6i lai gia
thanh cao, moi truong hoat dong khong thé théa mén (vi du nhiét d0 moi truong cao, bui, rung
dong co hoc ...).

2.2.1 Cac loai CPU va nguyén li hoat dong
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Hién nay trén thi truong rat nhiéu nha san xuat CPU véi nhiéu chung loai phu hop cho cac tng
dung. C6 thé liét ké mot sé nét dé phan biét:
a) Cach td chirc va thyuc hién 1énh may:
- Vi tap 1énh day du (CICS).
- Véi tap 1énh rut gon (RISC).
b) Cach xu ly thong tin va truy nhap bo nho:
- Von Neumman: bd nhé chung, truy cap tudn ty theo timg 1énh may.
- Harvard: b nhé 1énh va bg nhé dir 1i€u ddce 1ap, truy cap déng thoi.
¢) Coéngnghé ché tao hudng tmg dung:
» CPU da ning: ché tao mdy tinh da ning, HTN tinh vi, hé diéu khién théng minh.
= CPU chuyén dung: cic tmg dung dac thu ( nhu cho Umg dung nhing). Trong pham
trt nay lai c6 mot vai cong nghé tiéu biéu:
- Vi diéu khién (microcontroller va PIC-Programmable Intelligent Computer”
(May tinh kha trinh thong minh)).
- Hé thong trong mot vi mach 135" “nh dugc (PSoC- Programmable System on
Chip: integrating configurahle ar. 'og and digital peripheral functions,
memory and a microcori; ler on a sing ~Chip).
L&p cong nghé nay duge siraung p. - bién trong cac HTN ¢6 doi hoi mirc tinh xao
trung binh hay thap.

2.2.2 Vi du vé mét CPU va ng> "2 li hoat  3ng
Dé c6 thé thuc hién thiét ké n. = HA N, can tim hiéu chi tiét vé cu tric, cach lam viéc va 1ap trinh
cho mot CPU di chon. Phan na, +i6i thidu dong Intel CPU 808X, 8 bits hay 16 bits, da ning

cua Intel dugc sir dung rat phd bién .én thé gidi cling nhu ¢ Viét Nam. Uu diém ndi bat cia CPU
nay la tinh pho bién, da nang, dé trién khai, cong cu phat trién rat da dang va san co.

a) So do hinh thirc bén ngoai:

=[] 1 p— 40 vee

%2l 2 39 [dHald

reset outl ] = 32 [JHLDA
sool] 4 37 [JcLk

s s Ll M RESET 1N

Trap] & 35 [dready

rsT 7.5 7 24 [Jiom
rsTa.s5] = 32 [S1
rsTss5[] 2 32 s
TR 10 31 [
] 11 20 [Jale
aba] 12 zo [1so
201 12 28 [Jous
apz[] 14 27 [J21a
sDs[] 1s 26 [Jé1s
aba[] 18 25 [Jeaz
sDs[] 17 24 [Jaaa
2D0e[] 182 23 [124c0
a0y 19 22 [J&e
8085A, B085AH microprocessor - DIP 40 pack wss[] 20 21 [J&e

Hinh 2.1 Intel CPU 8085
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b) Kién triic: Mé hinh chikc ning bén trong CPU, vi du Intel 8080/8085
8085 1a 8-bit microprocessor, trong do dir liu xu 1y 1a 8 bits, khong gian dia chi dugc xac dinh
boi 16 bits, cho dung luwong dia chi 14 65.535 (goi 14 64K) 6 nhd. Cac thanh phan chirc ning bao
gom:

= Tap cac thanh ghi (Register).

= DPon vi thuc thi cac phép tinh sb hoc va luan li (Arithmetic logic unit- ALU).

= Hé thong cac day nbi giira cic vi mach chirc ning ( BUS).

= Khbi dinh thoi va didu khién (Timing & Control unit).

= Khdi diéu phdi, kiém soat ngit (Interrupt Control)

= Khbi truyén thong ndi tiép (Serial /O Control)

INT Ade RST 6.5 TRAP S0 0D Intel B0BS Microarchitecture
INIR I RS'Ii 5.5 1 RS'&?.S l l 1
Serial fO
Interrupt Control Control

E 3

g Blt internal Data Bus

{ ]  § y
Accumulator Temp I L

(8 Bit) Register I nstr. ction
Register

| ‘8 Bit) ——
. _ B Reg. Z Reg
ae Flag Register (8 B) (2 Bi)
g =eq D Reg. E Red.
(8 Bit) (& Bit) (5 Bit)
s ]
Instru ctic T | HReg L Reg g Bit
Decoder an 2| &8 (8 Bit)
o Stack Poirter
{ Mgchlwns & 16 i)
WK Program Counter
~ncoding (16 Bit)
IncrementerDecrementer
Address Latch

Address Bus (Low).
Address Bus (High). & Bt
& Bit

Multiplexer

Address Bus  Address Bus Data Bus

Pttt ek 8 4 £ i 5t

Timing and Control l
#2 = cLK RESET DA, STATUS CONTROL Address Buf ‘ Data/Address Bufh
Fess BUfer ata. Fess Burrer
w1 = GEN —_—
v 5
x g
cLKOUT reseTout | hoa so =1 2 gl [ =
RESET Ik HOLD 2l respy |E |E Q
R [oaIniiun Ste) S [N I R 5
g | Decoder | AdOress :
i ALE L LEiEn :
i l i
i i
i ¥ MEMW# 1D i
| MEMRE IOR# AB-A1S AD-A7 DO-D7 |
i i

Hinh 2.2 Cdc khéi chite nang ciia CPU 8080/8085

1) Tdp cac thanh ghi (Registers):
Cac thanh ghi sur dung dé chira dit 1iéu va dija chi. Co hai loai thanh ghi:
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Thanh ghi da nang dugc dung nhu chirc nidng nhé dir liéu tam thoi hay di chi tic thoi qui chiéu
t61 bd nhd (ROM/RAM). Cac thanh ghi 8 bits do 1a B, C, D, E, H va L. Khi ghép lai s€ thanh
thanh ghi 16 bits véi tén kép: BC, DE or HL.

Thanh ghi dac biét 1a cac thanh ghi gan cho chic nang déac biét (hay chuyén dung):

= Thanh ghi tich liiy ACC (Accumulator) hay A, 1a thanh ghi 8-bit, da dung cho céac thao
tac va cac phép tinh s6 hoc, luan li, /O, nap, nhé dir liéu, toan hang, két qua phép toan
khi thyc hién Iénh.

= Thanh ghi chi s6 (Index register): duoc dung lam chi sé cho qui chiéu dia chi, cach
dung phu thudc vao ché do dia chi hoa.

= Thanh ghi da ning (General registers ) 16 bit chia phan thdp va phan cao:

o 8-bit B va 8-bit C hay két hop thanh cip BC 16-bit.

e 8-bit D va 8-bit E hay két hop thanh cap DE 16-bit.

e 8-bit H va 8-bit L hay két hop thanh cip HL 16-bit.

Céc thanh ghi nay dung doc 1ap hay két hop elitra dir liéu hay dia chi qui chiéu vao bd nhé
(ché d¢ dia chi hoa gian tiép qua thanh gh#).

* Thanh ghi trang thai (Status register> hay Co (» »9), 1a thanh ghi 8-bit, chira cac bit c6

v nghia sau:

o Sign, 1én 1 néu bit 16n nhét ~aa két qua 4ép tinh co gia tri = 1.

e Zero, lap gid tri=0, néuiét 4 phép tinh - 0.

« Auxiliary carry, véi phép tinh 4 it (D3-D0), 1én 1 néu két qua phép tinh c6 s6 mang
tir D4 chuyén san< D4.

e Parity, 1én 1 néu s. nari’y (12 tong cta céc bit trong két qua) 1a s chan.

« Carry, 1én 1 néu c6 s mang khi thyc hién phép cong sd hoc hay borrow khi thuc
hién phép trir 6 hoc hay .nép so sanh gia tri.

= Thanh ghi ngin xép (Stack pointer): 16 bit. Thanh ghi nay mdi 1an ting hay giam 2 (+/-
2).

* Thanh ghi lénh may (Instruction register): 8 bit chira ma 1énh (OPCODE) tur
ROM/RAM, dau vao cho khdi Timing&Control dé giai ma thanh cac tin hi¢u diéu khién
cua CPU.

* Thanh dém chuwong trinh (Program counter), 16-bit, trd truc tiép vao bo nhd noi chira
ma 1énh ctia mdi 1énh. Pia chi qui chiéu tir 0000h dén FFFFh (0 dén 65.535).

2) Pon vi thue thi cdc phép tinh sé hoc va lugn li (ALU):

Thuc hi¢n cac phép tinh: Cong, trur, nhan, chia, logis AND, OR, XOR, NOT, dich trai/phai, quay
vong trai/phai.

3) H¢ thong cdc ddy noi giiva CPU véi cdc vi mach chive néng, thiét bi ngoai (BUS) (Hinh
1.1.1- Mé hinh téng qudt bo mach chiy)

Tap hop céc tin hidu phat ra tir CPU va ndi ti cac vi mach chirc ning trén bo mach chinh. Bé méo
ta y nghia cta ting tin hi¢u ta nhom lai theo chirc nang nhu sau:
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BUS dia chi (Address bus): Mang thong tin vé dja chi qui chiéu t6i ROM/RAM, bd giai ma
chon vi mach. Vi CPU 8080/8085 c6 tat ca 16 duong hay 16 bit. BUS nay chi c6 mot huéng
(chiéu) di ra tir CPU.
BUS dir liéu (Data bus) : Dit liéu trao d6i gitta CPU va cac vi mach bén ngoai, cac thiét bi
ngoai str dung BUS nay. Tuy loai CPU c6 thé 1a 8 bit, 16 bit, 32 bit, 64 bit. S5 bit ndy thuong
dung dé noi t6i loai CPU. Pic diém co ban ciia BUS 14 hai chiéu.
BUS diéu khién (Control bus): Cac tin hiéu diéu khién phat ra tir CPU t6i cac vi mach chtic
nang khac nhau trén bo mach chu, cac thiét bi ngoai ndi véi CPU. Céc tin hiéu nay duoc
dung dé déng bd moi budc hoat dong cua may tinh.
4) Pinh thoi va diéu khién
Khéi ndy tao ra tat ca cac tin hiéu dong ho, cac tin hiéu diéu khién bén trong CPU, CPU véi bén
ngoai qua Bus diéu khién (Control bus).
¢) Bo nho (Memory) ‘ o
Chuong trinh Ung dung, hé di¢u hanh, dir liéu, ngan xép déu dung chung khéng gian nhé. Vi ho
8080/8085 co 16 day dia chi (A5 ...... A0) cho dung lugng nhd t61 da la 65.535 dia chi 6 nho.
Néu mo6i 6 nho 1a 1 byte s€ c6 65.535 byte hay 64 K- ’
Kién t1:1'1<: su dung 64 bytes dau tién (000F-0000} 1€ da. Ac vector ngat ciia cac 1énh RST.
d) Ngat (Interrupts)
CPU 8085 ¢6 5 dau vao tin hiéu ngit (intevupi, ‘rinh bay th.co thi ty wu tién tir thap dén cao:
INTR, che duoc. Khi co ng'flt xuat hi#h, CPU s& v » 1énh trén BUS, 1énh d6 co thé 1a trong cac
Iénh RESTART (déu c6 hi€u luc adi ¢ g lai CPU) loai RST (RST 5.5, RST 6.5, RST 7.5 va
TRAP). CPU béo luu gié tri cti2 2 vao nga xép, chuyén t6i 6 nhd cb gia tri N*8, trong d6 N ¢6
gi tri tir 0 dén 7 ma lénh RT T cung :4p. O nhy nay chira dia chi ctia chuong trinh xtr 1y cho ngit

do nhu sau:
Tén cua ngét Dia i chuong trinh khoi dong tai:
TRAP 24 He«
RST 5.5 2C Hex
RST 6.5 34 Hex
RST 7.5 3C Hex (uu tién cao nhat, tac dung suon 1én clia xung ngit)

Lénh goi CALL (Iénh c6 3 byte ). CPU “goi1” moét chu trinh con c6 dia chi x4ac dinh & byte tha 2
va thir 3 cua Iénh nay.
RST5.5, che dugc. Khi c6 ngit nay, CPU béo luu gia tri ciia PC vao ngan xép, nhay toi dia
chi ¢b dinh 002Ch (h-hexadecimal).
RST6.5, che duoc. Khi co ngit nay, CPU bao luu gia tri ciia PC vao ngan xép, nhay toi dia
chi ¢b dinh 0034h.
RST7.5 che duoc. Khi c6 ngit nay, CPU bao luu gia tri cia PC vao ngin xép, nhay toi dia
chi ¢6 dinh 003Ch.
Trap, khong che. Khi c6 ngit nay, CPU bao luu gia tri ciia PC vao ngin xép, nhay téi dia
chi ¢6 dinh 0024h.
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e

Tat ca cac ngat che duoc co thé 1ap khong che hay che 1ap trinh qua 1énh EI va DI. RST 5.5,
RST6.5 va RST7.5 1ap trinh bang 1énh SIM.
Céng vao/ra (I/O ports)

Ho 8080/8085 co tat ca 256 cong vao va ra, 256 cong ra chay theo 1énh IN hay OUT.

p

Tap lénh (Instruction Set)

Tap 1énh ctiia CPU Intel 8085 gdm céc nhom sau day:

g

- Lénh chuyén dir liéu.

- Lénh sb hoc — cong, trir, ting, giam.

- Logic - AND, OR, XOR va quay vong.

- Chuyén diéu khién di c6/khong diéu kién, goi chu trinh, tré' vé chd cii khi thoat khoi chu
trinh, khoi dong lai.

- Lénh vao/ra (I/0).

- Céc 1énh thao tac bit, cd, cho phép/khéng cho phép ngit, ngin xép, ...

Ché dp dia chi (Addressing modes)

- Kiéu thanh ghi: qui chiéu dit liéu trong 1 th41. ghi hay déi thanh ghi.

- Gian tiép qua thanh ghi: Thanh ghi chta Cia chi« ~hé noi c6 dir ligu.

Qui chiéu truc tiép — Dir liéu 8 hay 16 bit.

i) Cdc nhom tin hiéu trong CPU 8080/5055

A8 — A15. Nhom tin hi¢u ra: 8 e« » cua dia ci. zac chan nay 1a cac chan dugc ndi voi bén
ngoai qua mach 3 trang thai. Cic pha. =T 3 trang thai s€ dugc dat ¢ trang thai trang thai tro
khang cao (con goi 1a tra=g tn. khong k. i) trong cac truong hop mot trong céc tin hidu
HOLD hay HALT la tic.. rc.

ADO — AD7. Nhom tin hi€t. 9n kénh cho cac tin hi¢u dia chi va tin hi¢u dir li€u theo chia sé
thoi gian, 3 trang thai. O giai a. ~dau ciia chu ky may, T1 ciia M1, sé& 1a byte thap cia 16 bit
dia chi tir AO dén A7.

ALE (Address Latch Enable). Tin hiéu ra qua mach 3 trang thai. Pugc sir dung dé chét byte
thap cia tin hiéu dia chi (A0 — A7) tir nhém ADO-AD7. Tin hiéu nay dugc tao ra trong giai
doan déu tién cta chu ky may, T1 ciia M1, va ciing dugc dung dé chdt cac tin hiéu trang thai
SO va S1 khi can thiét.

S0, S1 (Data BUS Status). La cac tin hi€u chi trang thai ctia cac chan thugc BUS dit li¢u
trong mdi chu ky may. T hop ciia hai tin hiéu nay ciing cho biét trang thai cia CPU nhu sau:

S1 SO Trang thai hoat dong cua BUS dir liéu

0 0 Trang thai HALT

0 1 CPU dang thyc hién thao tic WRITE

1 0 CPU dang thuc hién thao tac doc (READ)

1 1 CPU dang thyc hién thao tdc nhan 1€nh (Instruction Fetch)
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RD (Read). Chan ra 3 trang thai. Nam trong nhém tin hiéu diéu khién. Tin hiéu tich cuc khi
CPU tién hanh doc dir liéu tir bo nhd hodc tir thiét bi ngoai vi. Trong ché d6 HALT hoic
DMA, chan ra nay ¢ trang thai trang thai tré khang cao.
WR (Write). Chén ra 3 trang thai. Nam trong nhom tin hiéu diéu khién. Tin hiéu tich cuc khi
CPU tién hanh ghi dir liéu vao bd nhd hodc dwa dit liéu ra thiét bi ngoai vi. Trong cc ché do
HALT hodac DMA, chan ra nay ¢ trang thai trang thai tr¢ khang cao.
IO/M. Trang théi logic ctia dau ra nay cho biét CPU dang lam viéc v&i thiét bi ngoai vi hay
v6i b nhé. Néu 1a logic 1, CPU dang truy cap thiét bi vao/ra, con néu 13 0, CPU dang truy
cap b nhd. Két hop véi hai dau ra RD va WR @8 tao ra céc tin hiéu JOR, JOW, MEMR, va
MEMW trong trudng hop sir dung dia chi tach biét di véi thiét bi vao/ra. Nam trong nhom
tin hiéu diéu khién, IO/M ciing 14 du ra 3 trang thai.
Interrupts. P8085 c6 ngat da mirc. C6 5 chan ngit tat ca: (INTR, RST5.5, RST6.5, RST7.5
va TRAP). Ngoai chan ngit khong che duoc 1a TRAP, cac chan khac déu c6 thé che hoic
khong che nho 1ap trinh phan mém.
= INTR: Chéan nhan yéu ciu ngit tir bén ngre dugc dap ung theo nguyén tic quay vong
(polling) hodc vector thong qua 1énh RST
= Cidc yéu cau ngit RST: Co 3 ddu . . yéu cau n, “¥6i cac muc wu tién khac nhau 1a
RST7.5, RST6.5 va RST5.5. Khi viu'cdu . it xudt hién tai cac chan nay, CPU ty dong
chuyén dén cac vector ngit twong's 2. Cy thé ni. squ:
- RST5.5 1a mirc wu tién" hap n. * phan (rag theo mirc dién ap trén chan yéu cau ngat,
dia chi vector ngatsiay “m & 6 ni. =6 dia chi 2CH.
- RST6.5: Ngit »:. 'ién th .p tht 2, phan tng theo mirc dién ap trén chan yéu cau ngat,
dia chi vector ngit 1. ‘ndm & 6 nhé 34H
- RST7.5: Mic wu tién ¢ nhat. Phan ng theo suon 1én cua xung yéu cdu ngit. Sudn
1én ctia xung nay tac dong lén mot Flip-Flop, mach nay giir lai yéu ciu ngét cho dén
khi duge xoa nho tin hiéu dap img nhan biét yéu cau ngit (Acknowledge). Dia chi cua
vector ngat ndy nam & 6 nhé 3CH
TRAP: La chan nhan yéu cau ngat khong che duoc (di nhién 13 né ¢6 muc uu tién cao nhat).
Dia chi ciia vector ngit nay ¢ 6 nhé 24H.
INTA. Tin hi¢u ra nhan biét yéu cau ngit tai chan INTR. Céc yéu cau ngit RST5.5, RST6.5,
RST7.5 va TRAP khong tac dong dén INTA.
HOLD. Trang thai logic 1 & chan nay 1 yéu cau cia thao tic DMA. Céc dau ra RD, WR,
I0/M va ALE s& dugc dua vé trang thai tré khang ra cao.
HLDA. Tin hiéu nhan biét yéu cau HOLD.
RESET IN. Logic thip 0 & ddu vao cta chan nay yéu cau tai khoi dong hé vi xir Iy. Do tac
dong ciia tin hiéu RESET IN tich cuc, gia tri ciia thanh dém chwong trinh PC s& dwoc nap lai
12 0000h. Cac mit na ngit va tin hiéu HLDA ciing duoc tai thiét 1ap vé gid tri mic dinh.
RESET OUT. Pau ra nhan biét hé vi xtr Iy dugc tai khi dong. Dung tin higu nay dé tai khoi
dong toan bd hé théng.
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READY. Logic 1 ¢ ddu vao nay thong bao trang thai sin sang cung cap dir li€u cho
CPU hoic nhan dit liéu tir CPU cia céc thiét bj ngoai vi.
SID (Serial Input Data). La cong vao cua dir liéu nbi tiép cua hé Vi xu ly. Bit hién

dién tai cé)ng nay duoc doc vao CPU nho 1€nh RIM, bit s€ dugc dua vao bit cao cia Acc
(MSB).
SOD (Serial Output Data). Bit cao (MSB) cua Acc duoc truyén ra ngodi chin nay khi st
dung Iénh SIM.
X1, X2. Lbi nbi thach anh hoidc mot mach dao dong dé tao xung nhip cho CPU. Co6 thé sir
dung thach anh c6 tan sé dao dong trong khoang tir 0.5 dén 3MHz.
CLK. Piu ra ciia xung nhip, c6 thé lam xung nhip cho cac thanh phan chirc ning khac trong
hé vi xtr ly.
Vee, Vss. Lbi ndi nguon +5V va GND cho CPU 8085. Ciing can nhéc lai rang, CPU 8085 chi
can mot ngudn nudi duy nhét 1a +5V, kha ning cung cap dong ciia ngudn can dugc thiét ké
tuy theo nhu cau cta toan hé vi xtr 1y.
Biéu dé thoi gian (system timing) ) )
Khi thiét ké phan cing ctia mdt HTN noéi riéng . v mot thiet bi ki thuat s6 néi chung, khai
niém vé biéu do thoi gian 1a hét stc quan #rong. Nan it dugc ¥ nghia cua biéu d6 thoi gian
s& c6 ich khi tién hanh hiéu chinh va titn 1. »hdn cimg. i phan cing thuong xay ra khi cac
tin hi€u hoat dong khong dung thoi-uiénmi & de. vao mach 30, giy ra 16, dat biét hay x4y ra ¢
céc mach t6 hop. Dudi day 1a m#t s finh nghia ¢ Jac bo xir Iy
* Trang thai may: T (maciine Ste \: dugc dinh nghia la thot gian cua mot chu ki xung
déng hd hé thdng CPU "lock-ou. Vidu néu Clock-out=10 Mhz, thi T=200ns. Céc
suon xung lén/xuc < dv jc sir dung bén trong CPU cho céac thao tac khéac nhau.
= Chu ki may (hay che - BUS): M (machine cycle): La tap hop ctia mot sb cac T dé
CPU hay mot vi mach ( iu DMAC 8237) khi ndm quyén kiém soat BUS h¢ théng,
thuc hién xong mdt thao tdc (mdt phﬁn cua qua trinh goi ra hay doc vao mét dir 1iéu)
trén BUS hé théng.
= Chu ki 1énh: (Instrution cycle): 1a tdp cac M can thiét & hoan thanh mot 1énh may.

Hinh sau ddy mé ta thuc thi cua 1énh STA cua CPU Intel 8085: Cét ndi dung trong
thanh ghi ACC ctua CPU va 6 nhé tro truc tiép boi 2 byte tiép theo cua 1énh: ([byte 3],
[byte 2]) <- ACC.
Vi du: cu phap hop ngt nhu sau: STA 0610h, gia dinh trong ACC c¢6 mot gia tri nao
d0, ta s& cat (STore) gia tri d6 vao 6 nhé 1006:

Trong d6 STA=00110010: OPCODE

Dia chi thap cia 6 nhd RAM: 00000110

bia chi cao ciia 6 nhd RAM: 00010000
Biéu d6 thoi gian thyc hién nhu sau:

41



XAy dung cac Hé thong nhiing

A

Chu ki 1gnh >
« M- > M2 e M re— M

™M T2 | T3 | T4 |T1 | T2 73| T | T2 T3, T1| 72| T3

CPU Clock-CLK J_L

Kiéu chu ki may Doc bo nhé Doc bo nhé Doc bé nhé Ghi bo nh¢
BUSdiachi | PCtdt6ibyte ddutientama | PC=PCH1, 016 | PC=PC+2,r616i | Phétdia chily o
' lénh (OPgODE) ciia lénh bute th(» 2 clia Iénh byte tht 3 cla lénh | M2 va M3 tr6 t6i bd
’ ) nho
BUS Dt lidu OPCODE Byte thép clia dia Byte cao clia dia Ghi ndi dung cla
' chi truc tiép chi truc tiép ACC vao 6 nhé dé

Mi: Chu ki may , Ti: trang thai may

Vi du thuc hién 1&nh c6 do dai 3 byte, ct ndi dury clia ACC vao 6 nhé tré béi dia
chi trong Iénh: STA [ dia-ch*u . dia-chi-cao]

Hinh 2.3 Cdc khdi nié< i chiéu the ~“PU Clock

Ta c6 thé theo ddi cac xung dién na»'n ' sir dung m. ~hién song (OSCILOSCOPE) véi it nhat 2
tia cdp vao vi tri thich hop trén bo inach, . = xung déng hd CPU CLK lam chuén dé déng b0 cac
tin hi¢u.

Viéc thyc hién mot 1énh trong C ] P8085 thyc té 1a mot chudi cac thao tic READ va WRITE.
Moi thao tac READ hay WRITE tu g tng v&1 mot chu ky may M. Moi 1énh dugce thuc hién qua
1 dén 5 chu ky may. Mdi chu ky may can tir 3 d¢én 5 nhip dong hd. Vi du Iénh STA néi trén c6 5
chu ki may, 13 trang thai may.

Sau day 1a mé ta hoat dong cua CPU 8085 véi cac chu ki ddng hd hé thong va cac thao tac khac.
O chu ky may thi nhat, CPU thyc hién nap ma 1énh (Instruction Code Fetch) trong RAM, con
goi 1a chu ky Opcode Fetch. Hinh dudi cho thiy rang viéc thyc hién chu ky may M1 (Opcode
Fetch), CPU guri ra cac tin hiéu IO/M, S1 va SO (tuong tng 0, 1, 1 trén biéu dd thoi gian) xéac
dinh thao tac cua chu ky.
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My M2 Ms
T T T T T T T T T T T
SN AWAWAWE WAWAWE WAWAWE W
A — Ag _:x PC, (high-order address) X (PC + 1} X 10 port x
(PC.+1) 1O port
A0r =00 [Y(PC )} { f o }----K ¥ )k HC s X
{low-order ~Data From Data From memory Data to memory
address) memaory (I/Q port address) or peripheral

(Instruction)

ALE _| f_\ /_\ M\ /_\
i -
WR \ '
om |\ ./ \

Status ] So S1 (Fetch) v 10 (Re .d) X 01 (Write) x 11
Memory R .. . mary Read Memory Or
M- M2 Peripheral Write
M

Hinh 2.4 Luu d6 thoi gia. o s6 ciia CPU 8085 (Theo tai liéu ciia hang Intel)

CPU ciing dong thoi giri 16 bit dia chi ra & chu ky may dau tién, ngay tir nhip dau tién (T1) dé
x4c dinh 6 nh¢ hay thiét bi I/O. Phan dia chi byte thép dat trén AD7-ADO (Program Counter Low
byte-PCL) chi ton tai trong thoi gian 1 nhip nén can phai dugc chdt lai nho tin hiéu ALE ¢ murc
cao. Con phén dia chi byte cao dat trén A16-AS8.

Khi D7 — DO di 6n dinh trén céc day dir liéu, CPU gui tin hiéu RD. Khi da nhan dugc dir li¢u,
RD chuyén 1én mtc cao dé cim vi tri 6 nh¢ hay thiét bi 1/O.

Sé luong chu ky may va trang thai can cho thuc hién mét 1énh 1a ¢6 dinh, song ) luong nay khac
nhau ddi véi cac 1énh khac nhau, tuy theo d6 dai cua tir 1énh (1 byte, 2 bytes, 3 bytes). S6 luong
chu ky may phu thudc vao sb 1an CPU phai lién lac v6i cac phan tir khac trong hé théng, chu yéu
1a véi cac chip khéc.
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My, (Opcode Fetch)
T, . T . T T, . T N
[’:LK H H H H

1om

s — Ag X PCy ! X UnspeciFied

Instn_l-:l.c:n Cods

AD, — AD, X PCL }__‘{ D_;—Dn k ——————— é'““‘—'i*-------é-——
: : f :

RD

Hinh 2.5 Biéu 75 choi g = cua chu ki tim lénh.

2.2 CPU 8085 VA HE THONA ™YS

Viéc dau tién trong thiét k2. 5t HT V 1a lya chon CPU va hinh thanh BUS hé théng trudc khi mo
rong v6i cac thanh phan khac n. "ROM, RAM va cac cong ghép ndi. Tiép tuc véi tu duy st dung
ho Intel 808X, ta s& thiét ké hé thor ~B3US nhu sau:

Pic diém cua cac chan/tin hiéu phat ra tir CPU: Nhu trén di liét ké, CPU dua ra 3 tap hop tin
hiéu chinh, bao gém:

- Tap tin hi€u dia chi trén cac chan AD7 — ADO va A8 — A1S5, trong d6 AD7 — ADO la céc
chan 2 chirc nang : Luc & (M1, T1) 1a dia chi phan thap, sau d6 1a dir liéu. Do d6 dé tao ra 16
duong dia chi ta can chdt cac gia tri nay lai v6i hd trg cua tin hiéu ALE (Address Latch Enable)
vo1 vi mach SN74373. Téap hop nay tao thanh BUS dia chi.

- Tap céac chan dit liéu AD7 — ADO & cac chu ki M/T tiép theo ciia chu ki 1énh. Tap hop nay tao
thanh BUS dir li¢u. BUS dir li€u c6 d6 rong khac nhau theo loai CPU, c6 thé 1a 4,8, 16, 32, 64,
hay trén mot loai BUS dic biét chung ghép ndi vao vi mach dong xir 1i (ChipSet), goi 1a BUS
phia trudce (Front Side Bus-FSB) ¢ cac mat PC hi¢n dai, do rong co thé 1én 128, 256 hat 1024 bit.
- Téap céc tin hi¢u diéu khién phat ra tr CPU, 1a BUS diéu khién.

- Do can ghép nbdi v6i cac thiét bi bén ngoai, can mot BUS khac goi 1a BUS hé thong mé
rong, vi du: ISA, EISA, ... va pho bién 1a PCI. Cac BUS nay can duoc dinh nghia tudng minh va
¢6 giao thirc hoat dong rat phuc tap.
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Poéng hoé thach
anh nhip chuan

A15 A15
A8 A8
- Address BUS*
ALE STB
—P| A7 f A7
CPU 8085 oot
AD7 [ D7
DATA BUS*
ADO | DO
RD/
|\g/|:/|| ontrol BUS—>
INTA

Nguon nusi mét
chieu

Hinh 27 Cdu hinn 3 thiéu: CPU 8085 va tao BUS hé thong

Do chirc ning cia BUS 1a de »v2n thong tin giita cac thanh phan hop thanh ciia may tinh va do
d6 c6 vai tro rat quan trong anh . ng téi hiéu ning ctia may tinh, nén do6i khi phai xem xét téi
mot khai niém veé thong lugng cua F JS (nhu & bat ki loai thiét bi truyén thong tin nao). D6 1a gia
tri vé luong dir ligu tdi da duge chuyén qua BUS trong mot khoéan thoi gian nao do, thong thuong
qui theo CPU clock (hay chu ki 1é€nh):
Toc d‘é,B US (MHz) x s6 byte mgit lin t\ruyén

So chu ki Clock cho m¢t lan truyén

Téc dg truyén t6i da =

2.2.1 Khai niém va ban chat vat Iy ciia cac BUS

Hoat dong cua mdt hé ki thuat $6 thuc chét 1a viéc trao ddi va xir 1y cac gié tri nhi phan giira cac
thanh phﬁn, cac khdi va cac mach vi dién tir trong toan bd hé théng. Nhu di biét, cac gia tri nhi
phan (hodc 0 hoac 1) dugc thé hién qua muc dién &p so voi mot chuén nhét dinh, vi du chuin
TTL (transistor-transistor logic) gia tri 0 twong ing v&i mirc dién ap thap (tir OV dén +0,8V) va
gid tri 1 tuong Ung v6i mirc dién ap tir khoang +3V dén +5V. Dé biéu dién mot sb liéu nhi phén,
c4c phan tir mang thong tin dugc lién két ké nhau theo nhom (vi du 1byte 1a 8 bits). Pé dam nhan
cong viée di chuyén cac dir liéu nay trong toan bo hé thong, co cic duong day truyén dan dién
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duoc ghép song song thanh hé théng, mdi day truyén dan danh riéng cho 1 bit. Tap cac dudng
truyén dan danh riéng cho cac tin hiéu c6 cung chirc ning (di liéu, dia chi, diéu khién va trong s
(2") duogc goi 1a BUS. BUS giai quyét mot van dé ki thuat co so quan trong 1a: ndi dugc hai dau
ra ctia hai mach dién tir khac nhau ma khong lam cho dau ra nao bi hong. Yéu t6 co ban ¢ day la
cac dau ra phai duoc diéu khién bang chuong trinh may tinh dé dua dau ra ctia vi mach vao mot
trong hai ché d6 1am viéc dic biét (hay goi 1a trang thai) sau: hoat dong binh thudng, tai ning
lwong 1én day két ndi va ¢ trang thai khong hoat dong va c6 tré khang dau ra da cao (Tri-state) dé
khong doan mach dAu ra cua vi mach kia. Lam dugc nhu vay tin hiéu sé€ di duoc ca hai chiéu trén
cing mot day ndi. Va hé qua 1a giam di mot nira cac chan ndi ra/vao cua vi mach sé.
Nhu vay, trong mét hé may tinh BUS c6 mot sb tiéu chi sau day:
- BUS phii tuan theo 1 chuan nao d6. Tp cac quy tic ciia chudn con duge goi la giao thirc bus (bus
protocol)
- (C6 thé co nhiéu loai bus khac nhau dugc sir dung, cac bus nay noéi chung la khong twong thich véi
nhau.
- Bus thudng phéan loai theo 3 céch sau:
« Theo t6 chirc phin cimg
* Theo giao thurc truyén thong ( bus dong ¢ ve khong “ng bo)
 Theo loai tin hiéu truyén trén bus :
v BUS dit liéu, 1a PUS hai ci. 1, ¢6 trang thai tr¢ khang cao.
v BUS dia chizia® 'JS mdt ch. 1 vi thong thuong dia chi phat sinh ra tir
CPU. Tuy nhién pha 6 kha nang & trang théi tr& khéng cao khi can thiét.
v' BUS dicu ki 3n, cac ti. aiéu diéu khién tr CPU hay vi mach chtic ning
khac..
v Céac BUS v hop lai thanh BUS cua CPU.
v BUS cua CF. thuong co tai dau ra yéu, nén BUS nay dugc khuyéch dai,
con ¢6 CPU Clock out (hay BUS Clock) tao thanh BUS hé théng. Sy
khac nhau 13 & chd:

BUS ciia CPU: BUS h¢ thong:
=  Pira tryc tiép tir CPU » Khong ndi truc tiép vao
= BUS don kénh CPU, ma qua khuyéch dai
BUS
= Khong con don kénh, cac
BUS tach biét
= Phuy tai I6n hon
= (Co6 BUS Clock trén BUS
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Cp:}gus Address Bus
> > g
!J_P A CPU Data Bus =
(CPU) :>|:~ITERFACE<lI il :>§
ﬂ C E < _E;fus , (%
VvV {g

(MASTER) VJL vv@

A/D - Address / Data Bus
A - Address Bus

C - Control Bus ﬁ @

Input Output
Device| | Device

o]
EPROM RAM Interface

Hinh 2.7 CPU Bus va B” . hé thong

Tir khéi niém trén, d& dang suy ra ban chat vat< cua cac BL ' trong mot hé may tinh: d6 1a cac
duwong truyén dan dién, c6 thé duéi cdc dariwcdp . “iéu soi, dwong dan trong cdc bang mach in
v.v... Kha nang va chat luong din dién o' > cac dudng 1van dan nay dong vai tro quan trong va
quyét dinh ddi véi hoat dong cua mg* a¢ me_ tinh. Pudng truyén din kém, dién trd thuén cao cb
thé gay ra sy suy gidm cua tin h:7. “én dan « = cac hién tuong mét hodc sai dit liéu. BUS la
duodng dan dién ndi bo ma the 16 cac in hiéu dugc truyén tir by phan nay dén cac bd phan khac
trong h¢ may tinh.

2.2.2 Khuyéch dai BUS (bus drivei)

Tin hi¢u phét sinh tir CPU thuong c6 cong suat thap chi di cho mot sé tai danh dinh (fan-out), khong du
dé mé rong BUS, nhét 1a khi bus kha dai va c6 nhiéu thiét bi ni v6i né. Chinh vi thé ma hau hét cac BUS
duoc ndi mot sd vi mach khuyéch bus (bus driver), vé co ban d6 1a cac vi mach khuyéch dai tin hiéu sd.
Hau hét vi mach khac ndi v6i BUS qua vi mach dau vao (bus receiver). D6i voi cac thiét bi khi thi dong
vai tro dua tin hiéu 1€n BUS (master), khi thi dong vai tro nhén tin hi€u tr BUS (slave), nguoi ta st dung
mot vi mach két hop c6 kha nang phat ra va nhan vé, goi 1a vi mach phét va thu tin hiéu (bus transceiver).
Céc chip nay dong vai trd ghép ndi va 1a thiét bi 3 trang thai, cho phép n6 co thé & trang thai thi 3 trd
khang cao. Cac van dé quan trong nhat lién quan dén thiét ké bus 1a: xung ddng hd bus (clock bus: su
phan chia theo thoi gian, hay con goi 1a bus blocking), co ché trong tai bus (bus arbitration), xt 1y ngat va
xir 1y 1i. Céc bus c6 thé duge chia theo giao thirc truyén thong thanh hai loai riéng biét 1a bus dong bo va
bus khong déng bd phu thude vao viéc sir dung clock bus.
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2.2.3 Bus dong bd (Synchronous bus):

Bus dong bo ¢6 mot tin hiéu trén duong day BUS clock dang song vudng, véi tan sd vi du, trong
khoang vai MHz + GHz. Moi hoat dong bus xay ra déu qui chiéu vao BUS Clock, trong mot s6 nguyén
lan chu ky nay va duoc goi la chu ky bus. Hinh sau gian d6 thoi gian cia mot bus ddng b véi tan s xung
BUS clock 1a 4MHz, nhu vay chu ky bus 14 250ns. Gia sir doc 1 byte tir bo nhd chiém 3 chu ky bus (750
ns), twong tng voi T1, T2, T3 nhu hinh v&. Vi tit ca cac bong ban dan khi chuyén mirc khong phai 14 tirc
thoi, ma c6 qua do va méat mot khoan thoi gian, nén trén hinh v& c6 cic sudn xung, ta gia s cac suon
xung kéo dai 10ns. Con sé nay rat quan trong khi thiét ké mach ki thuat s6 !

Beoad cycle N
"
T1 . T2 . T3
7 7/
= Clock
— D_X' Tad  f \.\—’_—' A
Addresa >< Memory &ddress to be resd X
Data Data
Tu _ i :
x. -
MEED Tl iy | Tas a/
. S
Tl
o b
"
/TrJ
v Tdh

Hih2.8 Chu ki doc dong bo

« T1 bat dau bang canh duong ciia xung ¢ ock, trong mot phan thoi gian cua T1, vi xir 1y dit dia chi byte
can doc 1én bus dia chi. Sau khi tin hiéu dia chi duoc xac lap, vi xur ly dét céc tin hi¢u MREQ va RD tich
cuc mirc thap, tin hiéu MREQ (Memory Request) - x4c dinh truy xuat bo nhd chir khong phai thiét bi 1/O,
con tin hiéu RD - chon doc chir khong phai ghi dir ligu.

« T2: thoi gian can thiét dé bd nhé giai ma dia chi va dua dit liéu 1én bus dit liéu.

e T3: tai canh am cta T3, vi xtr Iy nhan dir li€u trén bus dit liéu, chira vao thanh ghi bén trong vi xir Iy va
chdt dit lidu. Sau d6 vi xir ly dao cac tin hifu MREQ v a RD. Nhu vay thao tac doc da hoan thanh, tai chu
ky may tiép theo vi xtr I c6 thé thuc hién thao tac khac. Cac gia tri cu thé vé thoi gian ciia hinh vé trén c6
thé duoc giai thich chi tiét nhu sau:

« TAD: TAD <110ns, nghia 14 nha san xuét vi xtr Iy dam bao rang trong moi chu ky doc toan hang tir bo
nhd, vi xir 1y s& dua ra tin hiéu dia chi khong nhiéu hon 110 ns tinh tir thoi diém canh dwong cua T1.

* TDS: gia tri nho nhét 1a 50ns, cd nghia 1a nha san xuét bd nhd phai dam bao rr:ing dit liéu d3 6n dinh trén
bus dit liéu it nhét 13 50ns trude diém gitta canh 4m cua T3. Yéu cdu nay dam bao cho vi xtr Iy doc dir lidu
tin cdy. Khoang thoi gian bat bugc dbi vai TAD va TDS xéc dinh rang trong truong hop x4u nhét, by nho
chi ¢4 250 + 250 + 125 — 110 — 50 = 465 ns tinh tir thoi diém c6 tin hiéu dia chi cho t6i khi tao ra dir liéu
trén bus dit liéu. Néu bd nhd khong c6 kha ning dap Gmg du nhanh, né phat tin hiéu WAIT trude canh am

48



XAy dung cac Hé thong nhiing

cua T2. Thao tac nay dua thém céc trang thai cho — wait state (tirc 1a dua thém vao 1 chu ky bus), khi bd
nhé d3 dua ra tin hiéu 6n dinh, n6 s& dao WAIT thanh WAIT

* TML: dam bao tin hiéu dia chi s€ dugc xac 1ap trude tin hiéu MREQ it nhét 60ns. Khoang thoi gian nay
s& quan trong néu tin hiéu MREQ diéu khién qua trinh tao tin hiéu chon chip CS hay CE do mdt s6 chip
nhd doi hdi phai nhan dugce tin hig¢u dia chi trudc tin hi€u chon chip. Nhu vay, khong thé chon chip nho
voi thoi gian thiét 1ap 75ns.

« TM, TRL cho phép hai tin hiéu MREQ va RD tich cuc trong khoang thoi gian 85ns tinh tir thoi diém
xudng cta xung clock T1. Trong trudng hop xau nhét, chip nhd chi ¢6 250 + 250 — 85 — 50 = 365ns sau
khi 2 tin hiéu trén tich cuc dé dua dif liéu ra bus dit liéu. Su bat budc vé thoi gian nay b sung thém sy bat
budc thoi gian voi tin hiéu clock.

* TMH, TRH : thoi gian dé cac tin hiéu MREQ va RD dugc ddo sau khi dir liéu da duogc vi xur Iy nhén vao.
« TDH: Thoi gian bo nhd can giir dit liéu trén bus sau khi tin hiéu RD da dao.

Gian d6 thoi gian mot chu ky doc trén bus dong b da duoc don gian hoa

so v6i thuc té, trong d6 cac tin hiéu can su dung 16n hon nhiéu. Gia tri toi

han cia cac thong s cho trong bang sau:

Ky hiéu Tham sé Min (ns) | Max (ns)
TAD Thoi gian tré cia dia chi 100
TML Thoi gian dia chi 6n diu ¢ MREQ 60
™ Thoi gian tré cis i, Q s0 V61« ~Wam 85
cuaTl

TRL Thoi gian tré clia. 7 bui so sudn xudéng 85
ctia tin hiéu dong bo !

TDS Thoi gian thiét 1ap dit1éu trude suon 50
xudng cua tin hiéu xung clock( tin hiéu
dong ho)

TMH Thoi gian tré cia MREQ bui so voi suon 85
xudng ciia tin hiéu dong hd T3

TRH Thoi gian tré ciia RD bu so véi suon 85
xudng ciia tin hiéu dong hd T3

TDH Thoi gian luu trir dir li€u tu lac dao tin 0
hi¢u RD

Truyén theo khoi:

Ngoai cac chu ky doc/ghi, mot sb bus truyén dir liéu dong bo con hd tro truyén dir liéu theo khdi. Khi bat
dau thao tac doc khdi, vi mach 1am chu bus (bus master) bao cho vi mach khac (slave) biét s6 byte can
dugc truyén di, thi du truyén con sb nay di trong chu ky T1, sau d6 dang 18 truyén di 1 byte, slave dua ra
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trong mdi chu ky 1 byte cho t&i khi du ) byte dugc thong bao. Nhu vay, khi doc dir li¢u theo khéi, n byte
dir lidu can n+2 chu ky clock chir khéng phai 3n chu ky.

Mot cach khac dé cho truyén dir liéu nhanh hon 1a giam chu ky. O vi du trén: 1 byte dugc truyén
di trong 750ns, vay bus c6 téc do truyén 1.33MBps. Néu xung clock co tin s6 8MHz, thoi gian 1 chu ky
chi con mot nira, tbe do s& 1a 2.67MBps. Tuy nhién, giam chu ky bus din dén khé khin vé mat k¥ thuat,
céc tin hiéu truyén trén cac duong khac nhau khong phai ludn co cing téc d6, dan dén hiéu tng méo dang
tin hiéu. Piéu quan trong 14 thoi gian chu ky phai dai hon so vé6i su ton tai ciia méo dang tin hiéu dé tranh
viéc nhiing khoang thoi gian duoc sb hod lai tré thanh cac dai lugng bién thién lién tuc.

2.2.4 Bus khong dong bd (Asynchronous bus)

Bus khong dong bd khong sir dung xung BUS clock, chu ky ctia nd c¢6 thé kéo dai tuy y va cé thé khac
nhau d6i véi cac cap thiét bi khac nhau, goi la d6i thoai tuan tu béi cac tin hiéu diéu khién. Lam viéc véi
cac bus déng bo dé dang hon do n6 duoc dinh thoi mot cach gian doan , tuy vay chinh dic diém nay cling
dan dén nhuoc diém. Moi cong viéc duogc tién hanh trong khodng thoi gian 1a boi sb cua xung clock, néu
1 thao tac nao d6 cua vi xtr Iy hay bd nh¢ hoan thanh trong 3,1< hu ky thi né cling s€ phai kéo dai trong 4
chu ky. Khi di chon chu ky bus va da xay dung bo nhd, ) card cho bus nay thi kho c6 thé tin dung
nhitng tién bo cua cong nghé. Chéng han sau khi da xa:" dur._ “us véi sy dinh thoi nhu trén, cong nghé
mdi dua ra cac vi xu Iy va b nhd co6 thoi gian chu k' 1a 100ns ¢ khong con 1a 750ns nhu cd, thi ching
van chay véi tdc do thép nhu cac vi xu ly, b nho l¢_ <10, boi vi g, o thuc bus doi hdi bd nhd phai dua
duoc dit liéu ra va 6n dinh trude thoi diém carin ani ctia . Néu ¢ nhiéu thiét bi khac nhau cung ndi voi
1 bus, trong do co thé c6 mot sb thiét bi Foa. *Sng nhanh L. “hon céac thiét bi khac thi can phai dat bus
hoat dong phui hop véi thiét bi ¢6 téc dq thap 1. ‘t. Bus khong dong bo ra doi nham khic phuc nhimg
nhuoc diém cua bus déng bo.

r
Memory address to be read M ‘

™

MREQ  \
N

M3YN

Data

35YN

Y

Time

Hinh 2.9 BUS khéng dong b, hoat dong dong bé boi “doi thoai” giita
cdc tin hiéu diéu khién.
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Tru6c hét master phat ra dia chi nhé ma n6é mudn truy cép, sau d6 phat tin hiéu MREQ bu tich cuc dé xac
dinh can truy xuét bd nhd. Tin hiéu nay can thiét khi bo nhé va cac céng I/O st dyng chung mién dia chi.
Sau khi phat dia chi, bén master ciing phai phat tin hi¢u RD tich cuc dé bén slave biét réng master s€ thuc
hién thao tac doc chur khong phai ghi. Cac tinh hiéu MREQ bu va RD bu dugc dua ra sau tin hi€u dia chi
mot khoang thoi gian phu thude tbe d6 hoat dong cuia master. Sau khi 2 tin hiéu nay da on dinh, master s&
phat ra tinh hiéu MSYN (master synchrization) & mirc tich cuc dé béo cho slave biét rang cac tin hiéu can
thiét d3 sin sang trén bus, slave c6 thé nhan léy. Khi slave nhan dugc tin hiéu nay, né s€ thuc hién cong
viée véi toe @6 nhanh nhat c6 thé duoc, dwa dit lidu ciia 6 nhé duge yéu cau 1én bus dit li¢u. Khi hoan
thanh slave s€ phat tin hiéu SSYN (slave synchronization) tich cuc. Master nhan dugc tin hi¢u SSYN tich
cuc thi xac dinh dugc dit liéu cua slave di san sang nén thyc hién viée chdt dit liéu, sau d6 dao cac duong
dia chi cling nhu céc tin hiéu MREQ, RD, va SSYN. Khi slave nhén duogc tin hi¢u MSYN khong tich cuc,
n6 xac dinh két thiic chu ky va dao tin hiéu SSYN 1am bus tré lai trang thai ban dau, moi tin hiéu déu
khong tich cuc, chd bus master méi. Trén gian dd thoi gian cta bus bit dong b, ta sir dung miii tén dé
thé hién nguyén nhan va két qua MSYN tich cuc dan dén viéc truyén dit liéu ra bus dir liéu va dong thoi
cling din dén viéc slave phat ra tin hiéu SSYN tich cuc, dén luot minh tin hiéu SSYN lai gy ra su dao
muc cua cac duong dia chi, MREQ bu, RD bu, va SSYN. Cuv/i cung su ddo muc cua MSYN lai gay ra su
dao mirc tin hidu SSYN va két thuc chu ky. Tap céc tin hic. *iéu khién phdi hop v6i nhau nhu vy duogc
goi 12 két ndi hoan toan (full handshake), chii yéu gdbm 4 Hin hie. au:

* MSYN tich cuec.

« SSYN bu tich cuc dé dap lai tin hidéu M 2YN.

« MSYN duoc dao dé dap lai tin hi& SSYN bu (tic ~uc).

« SSYN bu dugc dao dé dap lai t#ih hie MSYN kho g tich cuc.
Ta c6 thé nhan thiy bét tay toan phan!*4oc lap th - gian, mdi sy kién dugc gy ra boi 1 sy kién trude do
chir khong phai boi xung BUS cleck. Néu  cdp mast .-slave ndo d6 hoat dong chiam thi cdp master-slave
ké tiép khong hé bi anh huéng. 1. wu ~1ém cta bus bat dong bo rat rd rang, nhung trong thyc té phan
16n cac bus dang sir dung 1a loai dong 5. Nguyén nhan 1a cac hé théng sir dung bus dong bd véi cac vi
mach déng bd vé tiéu chuén ki thuat, toc « ihanh, khéi lugng bit lom, khoan cach BUS ngén (trén mét bo
mach chit) va dé thiét ké hon. CPU chi can chuyén cac mirc tin hidu can thiét sang trang thai tich cuc la
bd nhé dap g ngay, khong can tin hiéu phan hdi. Chi can cac lya chon phu hop thi moi hoat dong déu
troi chay, khong can phai bit tay.

2.2.5 Trong tai BUS (bus arbitration)

Trong hé thong méy tinh khong phai chi c6 CPU lam bus master, cic chip I/O ciing c6 liic 1am bus master
dé co thé doc hay ghi bo nhd va goi ngit. Cac by dong xir 1y ciing c6 thé lam bus master. Nhu vay nay
sinh ra van dé: diéu gi s& xay ra khi 2 thiét bi tr¢ 1én dong thoi cin 1am bus master? Tir d6 can c6 mot co
ché phéan xir dé tranh sy hdn loan ctia hé thong. Co ché phan xir c6 thé 1a tap trung hay khong tap trung.

Trong tai BUS tdp trung

Nhiéu vi xir Iy ¢6 don vi phan xir dugc ché tao nam ngay trong chip CPU, trong mot sé may tinh mini,
don vi nay nim ngoai chip CPU. Theo co ché nay thi bo trong tai (arbiter) chi c6 thé biét c6 yéu cau
chiém dung bus hay khéng ma khong biét c6 bao nhiéu don vi muén chiém dung bus. Khi arbiter nhan
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dugc yéu cau, n6 s& phat ra 1 tin hiéu cho phép trén duong day (bus grant: cho phép sir dung bus). Puong
day nay nbi qua tat ca cac thiét bj I/O theo kiéu ndi tiép. Khi thiét bi ndm gin arbiter nhit nhan duoc tin
hiéu cho phép, nd kiém tra xem cé phai chinh né di phat ra yéu cau hay khong. Néu c6 thi n6 s& chiém
ly bus va khong truyén tiép tin hiéu cho phép trén duong day. Néu khong thi né s& truyén tin hiéu cho
phép toi thiét bi ké tiép trén duong day, véi thiét bi nay su viéc xay ra giéng thiét bi trudc nd, qua trinh

ctr tiép dién cho dén khi c6 mot thiét bi chiém lay bus. So d6 xir Iy nhur vay co tén goi 1a chudi quay vong
(daisy chaining). Diém ndi bat cua so d6 nay l1a cac thiét bi dugc gan thir tu uu tién tuy thudce vao vi tri
ctia né so vai arbiter, thiét bi g?m hon thi mrc vu tién cao hon.

Bus request

Arbiter «

G[/f > 3 4 5
Bus t

Thiét bi ngoai v VO devices)

Hinh 2.10 BUS chudi quay +ong (a. =y chaining)

Trong tai BUS

Mot sb loai bus c6 nhiéu mirc do wu tién, ¥0. ~6i mic do u “ién c6 dudng yéu cau bus (bus request) va
dudng day cho phép bus (bus grant). Vi u: gia. 1 bus c6”2 mirc wu tién 1 va 2 (cac bus thyc té co 4, 8
hay 16 mirc). Mdi thiét bi trong h3"u.. 3 mdy tir. =5 véi 1 trong cic mirc yéu cau bus, cic duong
thudng dugc sir dung nhidu hon oc gir véi dudng day c6 muc wu tién cao hon. O vi du, cac thiét bi 1,
2 str dung murc vu tién 1, con cac thy {3, 4 sir dung murc uu tién 2.

[l

Arbiter

i i
' ' 1
Bus request fevel 1 AT A '

Bus requesf level 2 2t ez IR T e’
Bus grant level 1
Bus grant level 2 \/’/

/O devices

Hinh 2.11 Trong tai BUS

Néu c6 mot sb thiét bi & cac murc vu tién khac nhau cung yéu cAu, arbiter chi phat ra tin hiéu grant dbi vai
yéu cau cb muc uu tién cao nhét. Trong sb cac thiét bi c6 ciing mirc vu tién, thiét bi nao gin arbiter hon
s& wu tién hon. Vé mat k¥ thuat, khong can ndi duong grant level 2 giira cac thiét bi vi ching khong bao
gid doi hoi bus & mirc 2. Tuy nhién, trong thuc té dé thuan tién cho viéc 1ap dat ngudi ta hay lam nhu sau:
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nbi tat ca cac duong grant thong qua tat ca cac thiét bi, nhu vy sé& dé dang hon 1a ndi cac dudng grant
mdt cach riéng biét, va tir 46 cin cir vao thiét bi nao cd quyén uu tién cao hon.

Mot trong tai BUS c6 duong day thir 3 ndi t6i cac thiét bi dé cac thiét bi xac nhan da nhan duoc
tin hiéu grant va chiém dung bus — dudng tin hiéu xac nhan ACK (acknowledgement). Ngay sau 1 thiét bi
phat tin hiéu tich cyc trén duong day ACK, c6 thé dao tin hidu trén cac duong day request va grant xudng
mirc khong tich cuc. Cac thiét bi khac co thé yéu cau bus khi thiét bi dau tién dang dung bus. Khi su
truyén thong két thuc, bus master ké tiép s€ duoc lua chon. Cach lam viéc nhu v@y lam tang hiéu qua st
dung bus, nhung cin thém 1 duong truyén tin hiéu va ciu tric thiét bi ciing phirc tap hon. Cac chip trong
may tinh PDP-11 va céc chip Motorola lam viéc véi cac bus nhu vay.

Trong tai BUS khong tdp trung
Trong Multibus, nguoi ta cho phép c6 thé lua chon sir dung phéan xtr bus tap trung hay khong tap trung, co
ché phan xir bus khong tap trung duoc thuc hién nhu sau:

Bus request
Bus busy
+5V , 4 ‘
|
1 P s S A
phinxirbus  In ' Out I Out In/ Out In " Out

[ ’ [ \ ’ \

% % % %
S LT S L

Hinh 2.17 Trong i Bus kho g tap trung trong multibus

Co ché sir dung 3 dudng day, khong p. thudc vao sb lugng thiét bi ndi véi
bus:
« Bus request: yéu cau chiém dung bus.
* Bus busy: duong bao ban, dugc bus master dat ¢ mirc tich cuc khi
c6 thiét bi dang chiém dung bus
« Bus arbitration: dwgc mic ndi tiép thanh 1 chudi xich qua tat ca cac thiét bi ngoai vi. Pau cua
chudi nay duoc gan voi mire dién ap 5V ciia ngudn nudi.
Khi khong c6 don vi nao yéu cau chiém dung bus, dudng diy phan xir bus truyén mirc tich cuc toi tat ca
cac thiét b trong chudi xich. Khi 1 don vi nao d6 mudn chiém dung bus, dau tién no kiém tra xem bus c6
ranh khong va dau vao In cua duong trong tai bus ¢ muc tich cuc hay khong. Néu khong (not active) thi
n6 khong tr¢ thanh bus master. Nguoc lai, no s€ dao dau Out thanh khong tich cuc, lam cho cac thiét bi
dung sau né trong chudi xich c6 dau In khong tich cyc. Khi trang thai c6 thé hiéu 1am (khoang thoi gian
tin hiéu trén dau In va Out dang thay d6i) qua di, chi con lai duy nhit 1 thiét bj c6 dau In tich cuc va Out
khong tich cuec. Thiét bi nay tré thanh bus master, no s& dat bus busy tich cuc va bt dau truyén thong tin
trén bus.
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2.2.6 Bus mé rong (Expansion bus) EISA, MCA, Bus cuc b, PCI

Bus m¢ rong cho phép bo mach chu lién lac dugc vdi cac thiét bj ngoai vi, cac thiét bj nay duoc cai dat
qua cac khe cim mo rong (expansion slot). Cac thong sé chinh ctia bus mo rong: tdc do truyén tdi da
gilra cac thiét bi v&i nhau va gilra cac thiét bi voi bd nhé chinh, sb duong dia chi (sb luong 6 nhé cod thé
dugc truy xuat boi 1 thiét bi), s duong ngit ctng, v.v.

= Bus theo kién tritc chuin cong nghiép (ISA - Industry Standard Architecture)
Bus ISA dung cho hé thong chi duogc didu khién bai 1 CPU trén bang mach chinh, tic 13 tat ca cac
chuong trinh va thiét bi déu chi duoc diéu khién bdi CPU d6. Tan s 1am viée cuc dai 1a 8.33 MHz ( tdc
d6 chuyén tai cuc dai 1a 16.66 MBps vdi sb liéu 2 bytes). Bé rong dir lidu 1a 8 hay 16 bits. ISA ¢ 24
duong dia chi nén quan ly dugc 16 MB bd nhad. Bus ISA tuong thich 90% véi bus AT.

=  Bus ISA mé rong (EISA) va kiéu kién trac vi kénh ( MCA- Micro Channel Architecture)
Str dung cho cac CPU 32 bits ( s6 liéu va duong dia chi) tir 80386 tro di.

- Bus EISA:

bay la chuan mé rong cua ISA dé b tri cac dit liéu 32 bits nhyv 2g van gitt duoc sy tuong thich véi mach

ndi ghép cii. Bus EISA c6 2 néc, cac tin hiéu ISA duoc guiua nc trén va céc tin hiéu phu trog EISA qua
nac dudi. Cac dic trung ctia EISA nhu sau:
« V& mit co khi: ¢6 nhiéu chan cim hon nhurg vén tuong “ich véi ISA
« D6 rong dir lidu: co thé truy xuit 2 dudrig o ts (twong thy 1« v6i ISA), hay 2 dudng 16 bits Do.
d6, don vi quan 1y bus 32 bits c6 thé cliuyen tai = wte véi bd nhé hodc thiét bi ngoai vi. Piéu nay
gop phan ting tdc d6 truyén tai 1éni. *ng 33 MBps v6i 16.66 MBps ctia ISA.
* D rong dia chi: ngoai 24 duon, nhu 1. .con thém 8 duong
bd sung nira, do d6 co thé ditu « chi trong 3 b nho.
« Phan cting dugc thiét & “eo hé ndéng EISA phirc tap hon ISA vi no
cling phai thuc hién cac chu . bus tuong thich voi ISA. EISA c¢6 thé thuc hién phan xir bus, né
cho phép vi xir Iy nim ngoai b. '~ mach chinh c6 thé diéu khién toan bd bus. Didu nay rat hiéu
qua trong cac hé thong da xur 1y (raultiprocessor). Hang Intel d phat trién 4 chip dién tir phuc vu
cho bus EISA nhu sau:
o ISP (Intergrated system peripheral)
o BMIC (Bus master interface controller)
o EBC (EISA bus controller)
o EBB (EISA bus buffer)

* Bus MCA:
Phuc vu cho h¢ théng IBM PS/2 khong twong thich véi bus ISA, ¢é thé hoat dong véi 16 hay 32 bits dit
lidu. N6 c6 nhiéu duong dan hon ISA, thiét ké phirc tap cho phép giam bét cac nhiéu cao tan cua PC toi
cac thiét bi xung quanh. Téc d¢ truyén dit liéu c6 thé 1én téi 160 MBps.

® Bus cuc bé (Local Bus):
Nhuoc diém cia cac bus chuan trén 1a mic di xung clock ctia CPU rat cao nhung ciing chi lam viéc véi
cac ngoai vi voi tée do truyén tai khong qua 33MBps. Diéu nay khong thé dap tng duoc tée do cua cac
card dd hoa cdm vao khe cim cia bus mé rong trong ché do d6 hoa. Chuan céc bus cuc bg tao thém cdc
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khe cam mé rong ndi truc tiép vao bus cuc bd (bus ndi gitta CPU va cac bd dém). Do vay, bus mo rong
loai nay cho phép truy xuét 1én trén 32 bit ciing nhu tin dung duogc téc do xung clock cia chinh CPU,
tranh dugc rao can 8.33MHz ciia bus hé théng. Theo hudng gidi quyét nay, Intel da phat trién bus PCI va
Uy ban VESA (Video Electronics Standards Association) d4 phat trién bus VL.
* Bus PCI (Peripheral Component Interconnect)

La loai BUS v&i nhiéu cai tién va dung pho bién trén PC hién dai. Bus PCI 13 bus trong d6 dit liéu va dia
chi duoc goi di theo cach thirc don kénh (multiplexing), cac dudng dia chi va dir liéu duoc don chung trén
cac duong cta PCI. Cach nay tiét kiém duoc s6 chan PCI nhung lai han ché tc d6 vi phai can 2 xung
clock cho mot qua trinh truyén dir liéu (1 cho dia chi va 1 cho dir li€u). Viée ndi gitta CPU, b nh¢ chinh,
va bus PCI duoc thuc hién bang cdu PCI (PCI bridge), qua d6 bus PC s& phuc vu cho tat ca cac don vi
ctia bus PCL Téi da 1a 10 thiét bi c6 thé duoc ndi téi bus PCI, trong do cu PCI duoc coi 1a mot. PCI ¢
thé hoat dong véi do rong 32 bits dit liéu va téc d6 33MHz : PCI = 33Mhz x 4 bytes (32 bits) = 133MB/s.
Hién tai PCI da phat trién PCI-X 2.0, chay 64 bit vdi BUS clock=266/533 MHz cho thong bang téi 2,15
GB/s va 4,3 GB/s. Mot diém manh cta PCI 1a dit liéu duoc truyén tai theo kiéu cum (burst), trong d6 dia
chi chi truyén di 1 14n, sau d6 no s& dugc hiéu ngdm bing cach cho cac don vi phat hodc thu dém 1én
trong mdi xung clock. Do d6, bus PCI hau nhu dugc lap day Fo1 ai liéu.

Khi thiét ké can xem lai chi tiét cac tiéu chuan/dir't. “hia chén cia tung logi BUS sé su dung cho
bo mach.

2.2.7 Bus SPI (Serial Peripheral Interfac> )

La loai bus lién két dir liéu nbi tiép, dons bd, hoat d, = theo kiéu chu/té (Master/Slave). Vé két
nbi bao gdm mot thiét bi lam cha (muster, *& diéu phe: va dong bo hoat dong, cung cép xung
dong ho (clock) chung cho toan breu mot he . vai thiét bi khac hoat dong thu dong (t§), nhan
xung dong hd. Ngoai ra con ¢/ cac d. 7 dir liu. Bus c6 4 day ndi. Bus dugc st dung phd bién
trong cac hé c6 vi diéu khién nc & cac vi mach khac, tbe d6 cao, sir dung it day ndi lién két.
Giao thtc van hanh do phan mém . 7 d cimg hoa trong céc chip sir dung SPL Mot sé két ndi
dién hinh nhu sau:

Chan vi mach Y nghia Ung dung

MOSI Master out/Slave in uP — ASIC
MISO Master in /Slave out ASIC — pP
SCK Serial clock uP — ASIC
SSn/CS Chip select (low active) uP — ASIC

Xem thém http://www.vti.fi/midcom-serveattachmentguid-
b469d17c67¢60d4e3dbb25b0d099ad68/TN15_SPI_Interface_Specification.pdf
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MASTER
MICROCONTROLLER SLAVE
DATA OUT (MOSI) SI
DATA IN (MISO) SO
SERIAL CLOCK (SCK) SCK
S50 cs
81
— ST
$52
SO
583 SCK
cs

S50
SCK

Ccs

—f ST
 mS0
L-  —fscx

R

'S

Hinh 242 Lier. 5t qua bus/>PI

2.2.8 Bus I’C (Inter-Integrated Tircui.

La BUS nbi tiép chi c6 2 da, 6i, Foat dong két hop ca phan cimg va phan mém (Master/Slave va
protocol), c6 thé nbi vao nhidu thi  bi ngoai vao nhau, ciing nhu ho trg nhiéu BUS c¢6 co ché diéu khién
(master mode). Bus cdu thanh tir 2 tha. =han 1a SDA va SCL.

Wad

j fer SDA

1 1 | T 1
11 11 [T [ sCL

uC ADC DAC uC
Master Slave Slave Slave
Hinh 2.14 Lién két qua bus 12C

Trong do: SCL (Serial Clock line) La xung dong hd phat ra tu chip lam chu (Master).

SDA (Serial Data Line) la duong dir li¢u véi 7 bit dia chi cac vi mach tham gia (vi mach
chu va to).
R, 1a dién tro néi 1én ngudn nudi VDD.
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Céac thiét bi loai chu hay t& (Master/Slave), cac thiét bi nho c6 khoan cach g?m , nhu bd nhé USB, dién
thoai di dong, c6 thé ndi tryc vao BUS. Khi ndi xa hon can b khuyéch dai (P82B715) ting dong dién cho
céc thiét bi. V& co ban s thiét bi ndi s& phu thudc vao: chiéu dai cia BUS, xung dong ho BUS, dung
khang phu tai khong qua 400 pF. Véi tan sb thap BUS c6 thé dai toi vai mét.

C6 4 ché d6 1am viéc, tuy nhién 2 ché d6 sau la phé bién:

master phat dit li€u cho slave

master nhan dit liéu tur slave

slave phat dir liéu téi master

slave nhan dir liéu tr master

Thu tuc qua thong diép:

Thong di¢p don & do master ghi dit li¢u vao slase

Thong diép don ¢ d6 master doc dit li¢u tur slave

Théng diép phdi hop noi master s& thuc hién it nhit 2 1an doc/ghi t6i 1 hay vai slave. Khi d6 mdi
1an doc/ghi déu bit ddu bang START cung dia chi cua slave. Sau tin hiéu START dau tién trong
thong diép phdi hop 1a cac bit goi 1a START nhic lai.(repeated START bits), cac bit nay khong dit
trude cac bit STOP sao cho slave nhan biét rang tiZp theo 1a mot phan ciia thong diép. Cac slave
s€ phan ng (trad 101) cho tirng thong di€p riéng o1y

-5y
BUS
master Slawve
(CPL) peripheral 1
h—%_ i {]scL
snar [soa
Slawve
peripharal 2
—{|scL
' s5DA

Hinh 2.15 nguyén li noi BUS FC

Bus I’C v6i cac thiét bi ndi vao: Cac mach dau ra/vao hoat dong kiéu ca hai chiéu
(bidirectional), nén can cac dién trd treo, cho nén khi rat thiét bi khoi BUS, dam bao dau ra
s& c6 mirc dién ap cao. Néu khong c6 dién tré, cac duong ndi sé roi vio trang thai khong
xéc dinh, gay 15i dir lidu.

Hoat dong cua BUS IPC:
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sDA
SCL
S B1 B2

Wait
for
START ACE ACK

soa[Lf T T L[] L T LT

Hinh 2.16 ghi/doc trén BUS FC

Trinh tu va logic thay d6i dwoc dinh nghia boi 3 thorg aidp:

Message Ist event 2nd event
START SDAHto1l SCLHtoL
STOP SCL J© ~H DAL to H

ACK SD/ H to SCL H to L
(ACKNOWLEDGE)

Tin hiéu ACKNOWLEDGE va~ TA: "tuy tuong t. nhau, song c6 khac la: START do Master thyc
hién, trong khi ACK tir Slave.ca hai ta. a qui tic d6i thoai kiéu bawdng phan ctng (hardware-
handshak).

Viéc truyén dit ligu dtroe At 21 voi START (S) khi SDA chuyén xudng muc thap (H to L) trong
khi SCL giit & muc cao (H). ~u d6 SDA dit bit dugc truyén di trong khi SCL & mirc thp. Bit dit
lidu s& dugc tiép nhan (ldy mau, % SCL chuyén 1én mirc cao (L to H). Khi dir liéu truyén da hét,
bit STOP dugc goi 1én trén SDA trong khi SCL vin & mirc cao lién tuc. Dé tranh 18i khi viéc phat
hién céc bit danh diu xay ra, mirc cia SDA thay d6i ¢ sudn xudng (H to L) va s& dugc 1dy mau khi
SCL chuyén tir thap 1én cao (L to H).

Duéi déy 1a code cho qua trinh kiém soat duogc mo ta qué trinh noi trén cua giao thirc I>)C ¢ phia
thiét bi master (clock, arbitration, start/stop bit, ack/nack):

// Hardware-specific support functions that MUST be customized:

#define I2CSPEED 100

void I2C delay() { volatile int v; int i; for (i=0; i < 2CSPEED/2; i++) v; }
bool read SCL(void); // Set SCL as input and return current level of line, 0 or 1
bool read SDA(void); // Set SDA as input and return current level of line, 0 or 1
void clear SCL(void), // Actively drive SCL signal low

void clear SDA(void); // Actively drive SDA signal low
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void arbitration lost(void),;

bool started = false; // global data
void i2c_start cond(void) {
if (started) { // if started, do a restart cond
// set SDA to 1
read SDA(),
12C delay();
while (read SCL() == 0) { // Clock stretching
// You should add timeout to this loop

/

// Repeated start setup time, minimum 4.7us
12C delay(),

/

if (read SDA() ==0) {
arbitration_lost(),

/

// SCL is high, set SDA from I to 1.

clear SDA();

12C delay();

clear SCL();

started = true;

void i2c_stop_cond(void){
// set SDA to 0
clear SDA();
12C delay();
// Clock stretching
while (read SCL() ==0) {
// add timeout to this loop.

/

// Stop bit setup time, minimum 4us

12C delay();

// SCL is high, set SDA from 0 to 1

if (read SDA() ==10) {
arbitration_lost();

/
12C delay();
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started = false;

/

// Write a bit to I12C bus
void i2c_write bit(bool bit) {
if (bir) {
read SDA(),

Jelse {
clear SDA();

/

12C delay();

while (read SCL() == 0) { // Clock stretching
// You should add timeout to this loop

/

// SCL is high, now data is valid

// If SDA is high, check that nobody else s dr. ‘ng SDA

if (bit && read SDA() ==0) {
arbitration_lost(),

/

12C delay();

clear SCL();

// Read a bit from I12C bu.
bool i2c_read bit(void) {
bool bit;
// Let the slave drive data
read SDA(),
12C delay();
while (read SCL() == 0) { // Clock stretching
// You should add timeout to this loop
/
// SCL is high, now data is valid
bit = read SDA(),
12C delay();
clear SCL();
return bit;
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// Write a byte to 12C bus. Return 0 if ack by the slave.
bool i2¢_write byte(bool send start,
bool send stop,
unsigned char byte) {
unsigned bit;
bool nack;
if (send_start) {
i2c_start cond();
/
for (bit = 0; bit < 8; bit++) {
i2c_write_bit((byte & 0x80) != 0),
byte <<=1;
/
nack = i2c_read_bit();
if (send _stop) {
i2c_stop_cond();
/

return nack;

/

// Read a byte from 12C bi<

unsigned char i2c_rewd_by: ‘bool naci, bool send_stop) {
unsigned char byte = °:

unsigned bit;

for (bit = 0, bit <8, bit++, ,

byte = (byte << 1) | i2c_read bit();

/

i2c_write_bit(nack);

if (send_stop) {

i2c_stop cond();

/

return byte;

/
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Ghi dir liu:
Byte dif liéu ghi truyén di cting véi ACK.
Wait
for
START ACK ACK
i M B B E E BB
soA[|] L[
Poc dir liéu: Byte dit li€u doc truyén cung ACK.
Wait
for
START ACK ACK

Hinn 2.17 Vi v div liéu thu/phat trén BUS C

Chi tiét giao thurc hoat< ~g xem .hém tai li¢u: http://en.wikipedia.org/wiki/I2C

2.2.9 Thuec hién ki thuat cia BUS

Cac mach 3 trang thai, mach chét va mach khuyéch dai BUS 2 chiéu.

Trudce tién, cling can nhic lai mot s6 linh kién dién tir sb co ban st dung trong may vi tinh. Nho
cong nghé cao, cac linh kién cé do tich hop 10n va rat 16n da ra doi, nhung khong thé khong nhin
lai mot s6 mach t6 hop thuc hién nhitng ham logic co ban nhat.

a) Cdc cong logic

Ky hi¢u cac mach duogc chi ra trén Hinh I1.2, cung biéu thic ham logic gém: mach dém (buffer),
mach dao (NOT), mach va (AND), mach NAND, mach hodc (OR), mach NOR va mach XOR.
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Y=A+B Y=AB
=D =D
5 — B
Y=AB Y=A+B : D—jv A D)—'Y
| ¥

-A®B Y=A®B

Hinh 2.18 Céc mach logic thuong dimg ~ong thiét ké ki thudt sé

Céc loai mach nay thuong dugc st dung dé tac'nén ‘¢ mach to hop logic thuc hién céc chuc
nang 1ap ma, gidi ma, don kénh va phan kénk' Cling can. y rﬁng, mot sé mach chirc nang nhu
gidi mam ddn kénh va phan kénh da duc= cdc Ang tich h¢p dudi dang cdc mach MSI. Mot s6
mach c6 thé ké ra nhu mach gidi ma 3/ SN7413§ * tao tin hiéu chon port (Chip Select hay CS),
mach don kénh 74151-74257, mack cOon, va mach nban v.v...

b) Mach 3 trang thai (Tri-st- te Con. onent)

Trong hé may tinh s6, c6 nhic »k4oi chirc ning can thong tin, nhung tai mot thoi diém, bao gid
cling chi c6 mot khdi dua tin hiée 2 (dir liéu) va mot s6 han ché cac khdi thu nhan tin hiéu dugc
diéu khién (ddng bo) bang chuong t.1nh may tinh. Thay vi nbi day dan lién két cac khoi qua timg
d6i phan tir mot, cac tin hiéu nay duoc dua 1én BUS. Vi cac cong logic thong thuong, khong thé
ndi truc tiép chung 1én cing mot dudng day vi s& xdy ra tranh chap BUS vi doan mach. Vi du dau
ra ctia phan tir A 1a 1 trong lac dau ra ctia phan tr B 14 0. Cac dau ra cta loai mach nay déu theo
ciu tric ddy kéo (pull-up), nghia 13 c6 hai transistor dugc ndi ndi tiép voi nhau (xem hinh vé),
emitter cla transistor ndy qua mot diode rdi dén dau ra, dén collector cua transistor kia. Vi hai
trang thai logic 1 va 0, tuong ung s€ 1a T1 mo, T2 dong va nguogc lai, T2 mdé va T1 dong. Trén
hinh v& hién tugng nguy hiém x4y ra khi 18i ra ctia phan tir logic A 1a 1, cdc khoa mo hay dong
tuong duong viéc transistor thong bio hoa hay ngat, 15 ra ctia phan tir logic B 1a 0 va hién tuong
doan mach x4y ra.
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Vee

Ti _;; DLém
i noi
] i chung
i trén A

, i BUS
Output
Tz

Mé&t day din cla BUS

Béu ra Pull-up cla
phan tir logic

Hinh 2.19 Cdc kiéu néi dau ra, dau ra tré khang cao

Dé tranh hién tuong ndy, mot loai cong logic goi lacoug 3 trang thai (tri-state gate HZ, hay 3
trang thai: 0, 1 logic va tré khdng cao) dugc sir duiy, ~ho 16i ra cia cac khéi ndi chung vao BUS.
Hinh sau 1a mot phan tir dao (invertor) voi daura 3 tran, hai.

+5V
Input | Enable | Output ble T
o [ 1 | HZ. | |

1 1 HZ— I —i - S— |11 11 BUS
D O | nput p .
1 0 0 I
Bang chan 1, J_

mach 3 trang tha:

FUNCTION TABLE

1
] e "D 1O
OE DR — 01 46
L L B data to A bus ® OE
L
L H A data to B bus
H X Isolation A1l 2
I . J
18 B1
LR

Hinh 2.20 Vi mach 3 trang thdi: hai trang thai logic va
trang thai thu 3 HZ: dau ra bi “tach” khéi BUS.
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¢) Mach chét, thanh ghi: Mach chét 1a mot mach gdm cdc phan tir ¢6 kha nang luwu giit cac gia tri
0 hodc 1 & 16i ra. C6 thé dung D Flip-Flop 1am mot mach chdt véi tin hiéu dé chot dir liéu CK tai
dau ra Q theo bang gia tri chan 1y sau: D 1a dau vao, Q 1a ddu ra, CK 1a dong hd diéu khién.

Biét rang Qn+1 = D v6i tin hiéu diéu khién 13 sy xuét hién sudn duong cua xung nhip CK. Nhu
vay, gi tri logic (0 hodc 1) tai D dd duoc chuyén sang dau ra Q (chét). Néu CK giit nguyén trang
thai bang 1, thi trang thai dau ra Q duoc giit nguyén. Nhu vay, gia tri logic ciia D da duoc luu giir
0 Q (nh9).

CK

- o X0
o000
©-=p0O

0
1
1

Hinh 2.21 Mach chét (hay nho, giri lai) kiéu D,
lam viéc theo mirc hay swon lén ciia xung dong ho-Li. (Xem thém chi tiét mach SN 7474).

Dé chdt 4 bit ta st dung 2 vi mach 7474 va c6 so 15 nhe au:

D; D, Dy Do

CK—

Qj QQ Q1 QU
Hinh2.22 Chét 4 bit véi D-Flip/flop

Vi mach SN 74374 s& “chdt” duge 8 bit D7-D0. Vi 2 mach SN 74374 s& chét 16 bit. Mach nay
thuong dung cho BUS dia chi.

d) Mach khuyéch dai BUS 2 chiéu
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Do > Qo

L~

A2 T

Hinh 2.23- Cong khuyéch dai (driver) chot hai chiéu

Trén co sé cua cac mach 3 trang thai, cac mach khuyéch dai BUS hai chiéu duoc xay dung theo
nguyén 1y sau: Hai phan tir 3 trang thai s& dugc ghép nguoc véi nhau, chan diéu khién s& dung tin
hiéu chon chiéu va dao tin hiéu d6, vi du tin hiéu doc RD. Khi xuit hién tin hiéu RD, dit liéu
duoc phép di tr Q0 sang DO, nguoc lai, tin hi¢u chi dugc phép di tr DO sang QO va cho phép
CPU dua tin hiéu ghi dir li¢u ra ngoai. Ghép ndi da ¢ lJ1?1n tr cho tat ca cac day dir liéu, ta co
mach khuyéch dai BUS hai chiéu. Trong thuc té, n ~h ¢ chire nang trén da dugc tich hop theo
chuan cia TTL, duogc ky hiéu la SN 742447hay s 74245 (hodc Intel 8288- Octal BUS
Transceiver).

2.3 BO MACH mét HTN VOI CAU4INH TO. "HIEU

Tuy chua dé cap chinh xac vé thiAt ké pha. g ciia mot HTN, nhung vi du sau day hoan toan
¢6 thé duge sir dung nhu mAt HTN Hé duoc .ay dung theo kiéu HTN dugja trén bo vi xir 1y va
cac linh kién khong cung tror,_ m62 chip da néu & Chuong 1.

Duéi day 1a mot mo hin. “4i thiéu xdy dung véi CPU Intel 8085, c6 ROM Monitor va
chuong trinh ing dung, RAM dit lic 4 va vi mach ghép nbi véi thiét bi ngoai.

Mot thiét ké t6i thiéu véi CPU, ROM. RAM va Cong I/O
Cac linh kién cho bo mach MSC-85:

v o1 CPU 8085A Xtal cho £=3.0 Mhz
v o1 8755 2048 byte PROM
v o1 8156 256 bye RAM

Programmable Timer/Counter
x Port 8 bit programmable
1 x Port 8 bit programmable. Cac
cong str dung dé ghép céc thiét bi
ngoai vao bo mach.

v Phan mém hé théng giam sat (Monitor) nap vao ROM
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Mot thiét ké téi thiéu véi CPU, ROM, RAM va Cong I/O. Céc cong sé dung khi thiét ké
ghép ndi véi cac thiét bi ngoai vi. B6 nhd ¢6 thé mo rong khi co y twong phan hoach khong
gian nhd cho ROM va RAM dé mo rong phin mém, bao gom HPH va tmg dung. CPU
8085 1a CPU réat manh, ho 8 bit.
So d6 chuan tir ngudn cia Intel:

EREARLRN T RECEIVE
EMT IR ACE IMTERFACE
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I | 1 l L l 3 ML MPUAL RESET
= o W - e
.!.- ..E. ; : E AESET O O
& &

HLD A .
I —
e

g8 N
& -] L] =
GO = = ﬂ..—\
. B0BS xn -i-j - =
Vop =8 & 2 N . =2
Fi -
P 2,28 L x3 zszzeal—
< iEE S £ TE ST aaxax
fi l | 1
E
-] | |71 %
- i % 1 5fE OgE 2
‘]’ - | Yo
1
e — c—— e Ll TEA
Wi S L
. —_— Anany
= — e L
L L]
= >
BI65/BTES
' REISET
- o i
—— L]
=] i 4
AL Pk, Py PORT A (8
- >
P
Al AD A ,
< Aawoae; e onT 8 = >
W
Ll Vi
cil
856
ESET 5
—_— wag w0 FOAT & B >
= | WH k.
Wt = *
. FORT B
L i | '>
r b,
e FORT C b
b P )>
<: > Dy 4D, THMIER I8
V TIMSER QLT
r:ln v.]:_

Hinh 2.24 Cdu hinh t6i thiéu bo mach CPU 8085, RAM/ROM/Ports
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ROM 8755
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Hinh 2.25 Mach in cho hinh 2.24

bt han chin & cdm
SCALE: 1211

Khi xay dung xong phén ciing (mach in, han dé cdm, vi mach ...), tao phén mém dé nap vao ROM.
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2.4 HTN VOI CAC CPU KHAC NHAU

2.4.1 CPU da nang 16 bit

Khi nhu cu xt ly s6 liéu doi héi ¢6 do chinh xac cao va thue hién cac chire nang boi cac gidi
thuat tinh xdo va doi hoi xt 1y nhanh, thi cac CPU 8 bit ¢ thé khong dap ung dugc, dac biét khi
HTN c6 st dung cac hé diéu hanh nhu RTOS. Trong trudng hop ndy can bd xir 1y v6i sé bit biéu
dién s6 liéu 1én dén 16, 32 bit. V&i ho CPU da ning, c6 thé chon Intel 8086/8088. Dudi ddy 1a mé
hinh kién tric cua Intel 8986:

Memory InterFace MP 8086

P 6
5
A Instruction
3 Stream

Byte Quere

ES 2

Ccs 1

S8

— BIU - B3

—= INTERFA ¥

] . ‘IT

Execution Unit
Control System

EU
EXECUTION

AR | AL
Arthmeti
e R
DH DL
SP
BP
sl
DI
Hinh 2.26 CPU Intel x86
Céc thanh ghi bén trong:
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Accumulator AX
Base register BX
Counter register CX
Data register DX
Source index sl

Destination index DI

Stack pointer SP
Base pointer BP
Code segment CS
Data segment DS
Stack segment 5SS
Extra segment ES
Instruction pointer IP

status flags FL

15 0

Cac CPU ho 80x86 duoc phat trién trén co s cong’ . hé ché tao CHMOS véi mat do tich hop rat
cao (VLSI), c6 d¢ tiéu hao cong sudt rat nho. So 16 khe =huc nang ctia CPU 8086 duogc thé hién
trén nhu hinh trén, gdm hai thanh phan ch%’ *u 1a don v, »¢p noi BUS (BIU — BUS Interface
Unit), don vi thie thi lénh (EU — Execrve"Unit, Tét ca cic thanh ghi va duong truyén dir lidu
trong EU déu c6 d6 dai 16 bits. BIU % = hién tit c ~4c nhiém vu giao tiép véi BUS bén ngoai:
thiét 1ap khau lién két véi BUS di. liéu, . 'S dia cki va BUS diéu khién. Dir liéu duoc trao ddi
gitta CPU véi bo nhd khi EU 25, cau, sor. “i6ng dugc truyén truc tiép téi EU ma thong qua
mot vung nhd RAM dung” ong r 16 (6 bytes) dugc goi 1a hang nhan lénh truoc (Instruction
Stream Byte Queue PQ - Pret h Quere) r6i m&i dugc truyén cho hé thong thuc thi lénh EU.
BUI bao gdom cac thanh ghi doan 1. “.con tré 1énh, va bo diéu khién BUS.

EU chinh 12 “16i” ctia ho CPU X86 va gan giéng nhu CPU 8085 da dé cap.

C6 thé mo ta cach lam viéc don gian nhu sau: Khi EU dang thuc hi¢én m¢t 1énh thi BUI da tim va
liy 1énh sau tir RAM ngoai va dat sin vao PQ. Day 1a co ché duong dng (pipeline), mot k§ thuat
tang toc d6 cho CPU. K§ thuat duong éng st dung mot ving nhd RAM cuc nhanh (PQ), lam
tang dang ké toc do cta bo xir Iy thong qua viéc truy tim 1énh ¢ PQ thay vi tim tir bd nhé RAM
bén ngoai. Néu so véi cach thirc truyén théng, cé thé coi thuc té thoi gian 1y 1énh bang 0. Co thé
tim hiéu thém vé CPU loai nay tir cac tai liéu chuyén mén khac.

Cho du CPU hoat dong bén trong c6 khac, nhung nhiing nguyén li may tinh thi khong c6
gi thay doi khi thiét ké. Khi tim hiéu ki tai lidu thiét ké vdi CPU cu thé ta c6 thé 1én duge mot so
dd cho bo mach. Véi CPU 8086, mot thiét ké v6i qui mé tbi thiéu s& nhu sau:

- CPU

- Mach tao xung nhip déng hd 8284

- Mach tao cac tin hiéu cho BUS diéu khién 8288
- Mach chét dia chi latch 16 bit véi xung ALE

70



XAy dung cac Hé thong nhiing

- Mach khuyéch dai BUS dir liéu 3 trang thai 8286
Mach diéu khién ngat (si dung vi mach chuyén dung 8259 cho 8 ngdt, mé réng téi 16 ngdt, t6
chire theo vector, khdc véi CPU 8085 !). Céc vector ngdt dwoc dinh nghia nhw sau:
§6 ciia vector Y nghia ciia vector
0 Divide error
Debug exception
Non-masked interrupt NMI
One byte interrupt INT
Interrupt on overflow INTO
Array bounds check BOUND
Invalid opcode
Device not available
Double fault
Coprocessor segment overrun
Invalid TSS
Segment not present
Stack fault
General protection fault

O 0 9 N A W~

—_
—_ O

—_ = =
B>V ]

Page fault

[—
()]

Reserved

—_
(o)}

Coprocessor.« ..ot
17-32 Reserved
33-255 INT n<cap 1. wuctions

Hinh 2.27 Bo mach véi t6i thiéu véi CPU 8086:BUS controller, Ngdt controller, RAM
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Biéu do thoi gian.
D¢ biét chirc nang cac tin hi¢u trong so do, lay vi du vé chu ki doc b nh¢ sau day:

800ns
I -
T

T — LT —F— &t Ty —
CIK __ /N /NN RN

| | | | |
Ayg-A g 8-S, L K Ae-hy X i 51-53 | X

I I I I
AD,s-AD; Y ED ADy R L g e

Iﬂ ]

| |
/ i
! !

2
-
)

READY T
Bus “ming for . ™ zad Operation
Hinh 2 28 C. 718086 timing: lénh doc
OTl:

»  Pia chi dat 1én BUS «. = kér n AD Address/Data bus.
«  Tin hiéu diéu khién M/ ~ALE and DT/ R sé cho biét thao tdc la ttruy nhdp bé nhé hay
thao tdc vao/ra (do ma lénh  PCODE). Chét dia chi lai, lap hiedng truyé dir liéu trén BU
dii liéu.
OT2:
8086 phat tin hiéu RD hay WR, DEN. Dé ghi dua 1iéu,DEN cho phép bé nhé hay thiét bi
10 nhdn dir lidu dé ghiva CPU nhdn dir liéu doc.
O Ts:
= B nho nhan dir liéu.
» READY diing dé kéo dai sé trang thdi cho néu sir dung RAM c6 thoi gian truy nhdp liu
(access time). READ dwoc CPU ghi nhin & cuéi T
»  Néu READ=low, T ;thanh T doi (kéo dai trang thai truy nhap RAM RD hay WR.
»  READY=high, dit liéu duoc ghi nhan cuoi T3.
OT4:
= BUS treo, chudn bi cho chu ki tié}? theo.
Luu y: Khi thuc hanh doc ki tai lieu CPU 8086 !
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2.4.2 Bo mach v6i CPU HARVARD (microcontroller Unit-MCU) hg Intel
8051/8052/8xC251

Intel phat trién chip don vi diéu khién (microcontroller - uC, VDK) 8051 véi kién tric

Harvard vao nam 1980 va phd bién cho téi nhitng nim 1990. Nhitng nim sau d6 mot sé hing
khac trén thé gidi tiép tuc phat trién va nang cao, da dang, phd bién rat rong rai, ding hau nhu
trong moi linh vuc ¢ dau can tu dong hoéa xur li dir liéu.

Vi diéu khién c6 mot s6 dic diém nhu sau:

3 Vé phén cung, VDK giéng nhu mdt may vi tinh cy nho, dugc ché tao chi trong mét vi mach
(chip don). Nhu vy c6 nghia cac thanh phan cdu tric cho may vi tinh déu c6 & day. Nhung
con hon thé nita, 1a cac vi mach chirc nang rit da dang, bao gém: céc bd bién dodi tuong tu-
sd (Analog-Dital converter), s6-twong tu (Digital-Analog converter), rat nhiéu cong ghép
ndi cho tin hiéu vao/ra & cac ché do song song, ndi tiép, dé)ng thoi, mot vai bo dinh thoi
(Time counter), cac bd ngudn ap chuan, c6 RAM (hay EPROM, hay FLASH), RAM
...ngay trong vi mach.

4 Céch khai thac ROM, RAM ciing khac, dé 1a ti . dung lugng ROM/RAM cao hon (tic 1a
nguoc voi may vi tinh, may tinh). D6 12 vi chuong v ~h xir li can ¢ trong ROM, trong khi
RAM chi 13 noi “nhap” s6 litu. R2M ¢ *4y 1a cac 06 nhé khong bi mat dir liu (non-
volatile memory) v6i cac cong n<1é khac nha. <6 dung lugng rat 16n, c6 thé chira ca cac hé
diéu hanh (vi du cac router, o’wuyér. nach SW ¢o 10S, ADSL hop nhat cac 16p 1, 2, 3 cong
nghé mang, ...).

5 Tap lénh cta cac VD¥ thuon khong d: ché d6 nhu CPU da ning, nhung vira da cho cac
16p ung dung, sao cho . “v/ning xir 1i 1a cao nhét, dic biét 1a xur li cho dép ung dau ra
nhanh nhét (tam goi 1a ddp . '~ kidu thoi gian thuec).

6 Do c6 mat do tich hop cao nbua vay, va xuét phat tur thuc té, vai cong nghé ché tao chip &
timg thoi ki phat trién, tan s6 1am viéc ciia CPU thudng khong cao nhu cac vi xir li da nang.

7 Do c6 cau trac nhu vay nén thoi gian phét trién cho 16p tmg dung ngan hon, gia thanh san
pham thap hon, cong suit tiéu thy thap hon, hiéu suat tmg dung cao hon, d6 tin ciy cao hon.
L& ty nhién 1a chu ki phat tién méi, cai tién, nang cép, da dang san pham ngin hon. Tham
chi trong khi khong nang c4p phan cimg, chi nang cip phan mém, ciing mang lai sy thay doi
dang ké ciia san pham.

8  Kién trac cua CPU cling c¢6 khac, kién trac co tén 1a kiéu Havard, v6i cac dic diém nhu
sau:

M6 hinh kién trac Havard nhu sau:
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ROM/FLASH

Code Bus i'IB 24$ Code Address

Instruction Sequencer

Interrupt
¢ Handler
SRC1 'y 8,
SRC2 * s, ¥ l |
\/ 8 Data Bus

Data [~
Memory 24 RAN

Interface [
Data AQdress

ALU Register
File

Hinh 2.29 M6 hinh kién . 'c Havard:
BUS cho bo nho chuong<rinh: Coac “us va Code Address,
BUS cho RAM diwr lié». De. - Bus va Da a Address;
SRCI, SRC2:ngué»-DST: dic la cdc Bus néi bo.

Tach riéng cac bo 26 4 liu (RAM) va bo nhd chuong trinh véi cac bus riéng 1& dé
truy cip vao bd nho 't licu (RAM) va bd nhd chuong trinh (NVM Non Volatile
Memory: ROM, FLASFE , chira phan mém nhing (hé diéu hanh, Device drivers, tng
dung nhing ).

Céc bus diéu hanh doc lap, cac chi dan chuong trinh va dir liéu c6 thé dugc dua ra
cing mét lic, cai thién téc d6 so véi thiét ké v6i chi mot bus.

Phan biét 1d rang bd nhé dit lidu va bd nhé chwong trinh, CPU c¢6 thé vira doc mot
1énh, vira truy cap dir li¢u tr bd nhé cung luc.

Do cac BUS doc 1ap, CPU c6 kha ning tim trudc (instruction prefetch), nén véi kién
trac Harvard chuong trinh chay nhanh hon, bai vi né c6 thé thuc hién ngay 1énh tiép
theo khi vira két thuc 1énh truée do.

Tuy nhién vé kién trac c¢6 phan phirc tap hon trong phan ctmg, nhung cho hiéu qua
hon cho cac tmg dung nhiing. La loai phd bién dé thiét ké cac HTN.

Hién nay Intel khong con cung cdp cdac loai Vi diéu khién ho MCS-51 nita, thay
vao d6 cdc nha san xudt khdc nhw Atmel, Philips/signetics, AMD, Siemens,
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Matra&Dallas, Semiconductors dwgc cdp phép lam nha cung cdp thit hai cho cdc
chip ciia ho MSC-51. Chip Vi diéu khién dwoc sit dung réng rdi trén thé gidi ciing
nhie & Viét Nam hién nay la Vi diéu khién ciia hang Atmel véi nhiéu ching loai vi
diéu khién khdc nhau. Atmel c6 cdc chip Vi diéu khién cé tinh nang tuwong tw nhu
chip Vi diéu khién MCS-51 ciia Intel, cdc md sé chip dwoc thay doi chit it khi
dwoc Atmel san xudt. M. sé 80 chuyén thanh 89, chang han 80C52 cia Intel khi
san xudt ¢ Atmel thanh 89C52 (Md sé ddy di: AT89C52) véi tinh ning chwong
tr.nh twong ti nhw nhau. Twong tw 8051,8053,8055 ¢6 m. s6 twong dwrong & Atmel
la 89C51,89C53,89C55. Vi diéu khién Atmel sau ndy ngay cang dwoc cdi tién va
dwoc bo sung thém nhiéu chirc ndng tién loi hon cho nguoi ding.

Vi du bo mach xay dung trén CPU 8051 c6 tén chung la ho uC MCS 51.
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Hinh 2.30 Cdc khéi chitre nang ciia CPU 8051/8052
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o Ll

128 Bytes Timer 1

Program

memory SFR Timer 2

4 1O ports
(32 lines)

External memo
intorrupte [l En

inputioutput

Hinh 2.31 CPU 8051: EEPROM, RAM bén trong
va kha nang mo rong bo nho toi 128 KB (64 KB code+64 KB data)

Mot HTN: Bo mach vi diéu khién MCU (hay pC) véi CPU 8052 va cac vi mach hé tro cho tng
dung nhung: (http://www.keil.com/dd/docs/datashts/s*iabs/c8051£52x.pdf)

Bebbblblk |

[E R R R R ERETR]

. 8@852.com SBC,

)Y

Hinh 2.32 Bo mach voi CPU 8051/8052

Duéi déy 1a cac thong sé cho thiy cac thanh phan ctia bo mach HTN hop nhat SBS 8051F530:
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Ngoai vi twong tu:

- 12-Bit ADC

Sai s6 +1 bit nho nhat (LSB INL) (C8051F52x/C8051F53x);

« Lap trinh 1dy mau vdi tde d6 tdi da dén 200.000 mau trong mot gidy (2000 ksps)
« S6 kénh dau vao: 6/16

« Giao dién két nbi dung ngit

« C6 cam bién nhiét bén trong vi mach

- B so sanh

» Lap trinh dugc véi tré dap ung

« C6i thé cau hinh dé 1am thiét bj danh thirc hay ngudn tao tin hiéu RESET

« Dong dién tiéu thu thap

- Kha nang tai khai dong khi ngudn nuéi thay doi theo ngudng nhét dinh (POR/Brownout
Detector)

- Pién 4p chuan 1 .5 dén 2.2 V (lap trinh duoc)

- G6i rdi ngay trén chip (On-Chip Debug)

Nguon nudi cho hoat dong 2.7 to 5.25 V

- C6 6n ap o gia tri thap (LDO regulator)

Nhan 8051 c6 téc d6 xir Iy cao

- Co ché duong 6ng (Pipelined instric. m architectt. ), 70 % céc 1énh thuc hién ngay & 1 hay 2
ddng ho hé thong;

- Toc d6 xur 1y toi 25 MIPS gxung Sng hd he ong 25 MHz

- C6 kha niang mo rong ngat

B§ nh¢
- 8/4/2 kB Flash; In-system byte programmable in 512 byte sectors

Ngoai vi s6

-16/6 céng I/O; dau ra c6 ché do déy kéo, 5V

- Céng SPI™, va UART

- Giao tiép mang toc do thap qua bt LIN (Hardware LIN - Local Interconnect Network, c6 hai
ché do chi/td, twong thich voi chuan V1.3 va V2.0)

- C6 3 bd dém/dinh thoi da nang 16-bit kha trinh, kha so sanh theo module, 1am cho6 canh céng
(WDT-Watch Dog Timer)

Nguodn dong hd

- Pong trong vdi bd giao dong 24.5 MHz , d6 chinh xac £0.5% hd trg cho cac giao hoat dong
cua UART va LIN-Master

- BO giao dong ngoai dung thach anh hay bo giao dong RC, hay xung déng hd ndi vao qua kiéu
nbi 1 hay 2 chan dau vao
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- C6 thé chuyén d6i ngudn dong hd ngay khi dang hoat dong (on-the-fly)
Cach dong goi:

- 10-chan han dén QFN (3 x 3 mm)

- 20-chan han déan QFN (4 x 4 mm)

- 20-chan han dan TSSOP

Thang nhi¢t moi truong lam viéc: —40 to +125 °C

C6 thé tim hiéu thém bo mach Bo mach 8052.com SBC tai www.8052.com
Bo mach 8052.com Single Board Computer (SBC) sir dung CPU Atmel AT89S8252/AT89S8253
va Dallas DS89C420, nhung c6 thé cim bat ki chip 40-pin 8052 twong thich ( 8052, 8051, 8032,
8031, etc.); SBC ciing su dung ca v&i CPU mé1 AT89S8253 (loai thay thé chip AT89S8252). Co
thé sir dung SBC cho nghién ciru, thiét ké hay trién khai cac dy 4n g dung HTN.
Hién tai pCs MCS 51 da nang cép 1én v&1 CPU 8XC251Sx va goi la ho MCS® 251.
Ho MCS 251 ¢6 mt s6 dic ta sau day:
= Khong gian dia chi hoa tuyén tinh 24 bit ch4 . nhd t6i 16MB,
= CPU dugc xay dung trén co s& cac thani. ghi ve ac thanh ghi truy nhap dugc theo kiéu
byte, tir (2 byte), tir kép (4 byte),
* Truy nhép bo nhé Iénh theo chéo wang, ‘ng tdc chu ki tim 1énh,

= Thuyc hién 1énh kiéu duong &g ipeline),

= Tap lénh manh, thyc hién lcah s6 1. > va logic 16 bit,

= MO rong ngin xép toio4 K.

= Tyc hién 1énh (chu’k. 3nh) “.ong 2 clock (trong khi MSC51 can 12 clock),

= 3 giai phap cho trang tha *oi (wait state): real-time, RD#/WR#/PSEN#, and ALE,

* Ma nhj phan twong thich ’an toan véi MSC 51 do khong gian dia chi cia MSCS1
dwge anh xa vao khong gian dia chi cia MSC251.

= V6i bo nhé 16n, hd tro chuong trinh ¢6 mé 16n (Hé diéu hanh + tmg dung phuc tap),

= Chay réat hiéu qua voi ma viét tir ngén ngit C

= Diéu khién BUS dong qua sir dung céc thao tac trang thai doi thoi gian thuc (real-time
wait state).

CPU tién tién ho 8XC251Sx:
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/ /0 Ports and \
System Bus and /O Ports Peripheral Signals
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MCS® 251 Microcontroller Core

V Clock & Reset

\ 8XC251SA/SB/SP/SQ Microcontroller /

Hinh 2.33 Cdc khéi chire nang ciia nhdan 8XC251Sx
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a) Tong quan vé CPU Intel 8051

- e 3y T = " N O
555335858 2:3%%%2s
3q-.ﬂ¢';-.-qq-.3f-iE'-.-q-e-.n.2;§
fggegssegEeReEgeEEES
nonononnooooonooanoanaon
33353355383285358238
) 8051 AH
—rumesmOeea S oY R2E
ISR ESuRSERERENRAERN N E RS
e L L PR T N
EEEEEEEE%E?EEEEEE&&:

SREE"-EE"

Hinh 2.34 CPU 8051
Ngoai cac vi xir Iy ho x86, Intel® con thiét ké va san xnét cac vi xir Iy chuyén dung phuc vu cac
muc dich do luong va diéu khién tu dong, ma thuc ckat 1a cac h¢ théng nhung. Céc chip vi xu ly
loai ndy da vuot ra ngoai khudn kho ctia mot vi 2er 1, on thudn, tré thanh mot may tinh kiéu vi
diéu khién (MicroController- uC). B qua cash 63 cap v kién triic bén trong (1a kiéu Harvard),
va nhin theo kién trac xay dung bén ngoai.va ¢ 18 mo ta va ap trinh, ta co thé coi nhu hoat dong
nhu mot may vi tinh, thi “gidng nhu” Yién tric n. v tinh cia Von Neumann. CPU dugce trang bi
thém bd nhé chuong trinh (ROM heac't "ROM) va t | nhé dir li€u, cling nhu cac céng vao/ra ndi
tiép, vao/ra song song, ngay trone vi mach.
Vi mach chu yéu cia ho MC5 - 51 1 chip pC 051/8052, linh kién dau tién cua ho nay dugc dua
ra thi truong. Chip nC8051 ¢. »4c Adc trung dugc tom tit nhu sau:
4 KBROMva 128 b, RAM
4 port 8- bit, 32 16i vaoh
- 2 b0 dinh thoi (Timmer) 16 bit
- Mach giao tiép ndi tiép

- Khong gian nh¢ chuong trinh ngoai (mé rong) 64K

Khong gian nh¢é dit liéu ngoai 64K

B9 xtr 1y bit (thao tac trén céc bit riéng r€)

210 vi tri bit nhé dugce dinh dia chi

Céc thanh vién khac ctia ho MCS-51 ¢6 cac to hgp ROM (EPROM), RAM trén chip véi dung
luong khac nhau, bd bién ddi tin hiéu tuong tu-sb va sb-twong tur, va ¢ thé c6 thém bo dinh thoi
thr ba. M&i mot chip ctia ho MCS-51 déu c¢6 phién ban CMOS tiéu thu cong suét thap.

Khi thiét ké HTN v&i CPU 8051, can tham khao tai liéu ki thuat. Mot s6 luu y can quan tdm bao
gom:

80



X4y dung cac Hé thong nhiing

b) Phéan hoach dia chi
Do thu nhé kién trac dé tao ra vi diéu khién cho cac ung dung dac biét, nén 8051 st dung cach
dia chi hoa khac thuong (so véi cac CPU da nang) dé ma hoa cho cac thanh ghi va khong gian bo
nhé. Dudi day 1a mo hinh dién dat cach dia chi hoa do:

Later versions of the 8051 microcontrollers
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Hinh 2.35 Phdn hoach dia chi trong CPU 8051
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¢) Vi du thiét ké mé rong bé nhé véi CPU 8051
Vi dung luong bd nhé trong Chip nho doi khi khong da dé chira ma chuong trinh, nén can mo
rong bd nhd qua mot thiét ké mé rong. Dudi day 1a mot thiét ké tao ra 64KB ROM va 64KB
RAM qua céc cong tir CPU 8051:
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1 3 Wiriting Wit A1 T
a10 Al0
AS [— Ag | 4
s AR AB
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Lawer . 8 byte writing

Hinh 2.36 Bo mach véi CPU Intel 8051 va RAM, ROM mo rong bén ngoai.

Truy xudt bg nhé chirong trinh ngodi
B¢ nhé chuong trinh ngoai 1a b nhé chi doc, dugce cho phép truy xuét boi tin hiéu PSEN. Khi c6
mot EPROM ngoai dugc str dung, ca hai port 0 va port 2 khong duge st dung cho muc dich
vao/ra. Két nbi 8051vai bd nhé ngoai EPROM dugc trinh bay & hinh trén.

Mot chu ky may cua 8051 ¢6 12 xung nhip. Néu bo giao dong trén chip ¢é tan sé6 12MHz,
mot chu ky may dai 1usec. Trong mot chu ky may dién hinh, ALE ¢6 2 xung va 2 byte ciia 1énh
duoc doc tir bd nhé chuong trinh (néu 1€nh chi c6 mot byte, byte thir hai dugc loai bo).

Bd nh¢ dit 1i¢u ngoai 1a bd nhé doc/ghi duoc cho phép bdi cac tin hi€éu RD va WR & cac chan ctua
P3. Lénh dung dé truy xuat bd nhd dir liéu ngoai 1a: MOVX, str dung hodc con tro dit liéu 16-bit
DPTR hodc RO, R1 lam thanh ghi chtra dia chi.

RAM c6 thé giao tiép véi 8051 theo cach nhu EPROM ngoai trir dudng RD ndi voi duong cho
phép xuat (OE) cia RAM va WR nbi voi dudng ghi (WR) cia RAM. Céc két ndi vai bus dit liéu
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va bus dia chi gidng nhu EPROM. Bing cach sir dung cic port 0 va port 2 va cac chip nhd, ta co
dung luong RAM va ROM ngoai 1én dén 64K

d) Lap trinh cho pnC8051
bé 1ap trinh cho 8051, nguoi 1ap trinh cAn nam that virng cach td chirc rat hiru hiéu nhung tuong
d6i phtrc tap ctia bd nhé RAM tich hop trong chip. Khong don thuan déng vai trd bo nhé dir liu
trong MCS51, né con st dung mot phan bo nhd RAM dé lam thanh ghi da ning va thanh ghi véi
cac chirc nang dac biét.
Tén tai chuong trinh Assembler riéng cho ho MCS51, lap trinh hop ngit twong duwong nhu 1ap
trinh hop ngit cho ho 80x86. Piém manh twong tmg 14 ton tai mot phién ban ngdn ngit C cho
MCS51, tao diéu kién cho nhitng ai da quen véi lap trinh C c6 thé tao cac phﬁn mém ung dung dé
cai dat vao trong bd nhd ROM ciia MCS 51 cho nhiing tng dung thyc té.
C6 thé tham khao tai liéu
1. Nguyén Tang Cuwong, Phan Quéc Khanh: Cés wic va Idp trinh ho Vi diéu khién 8051.
NXB KH&KT Ha Ngi-2004 vé lap trinh #i. ~uC8051 dwoc néu & cudi cudn gido trinh
nay.
2. BO Kit 8051/251 Evalution Kit ctiai. “TL Softwar. >-i liéi duoc st dung phd bién véi
céc cong cu phat trién.

e) Cac kha nang ung du. ¢ cia 8051 Thong thuong, cac trung tdm vi xur ly dugc
ding dé xay dung nén cic miy . 1. Riéng ‘o'trung tim cia Single Chip Microcomputer, do
nhiing cAu truc dic trung ¥ ‘nh n? 1g k¥ thuat, dugc ung dung nhiéu trong cac thiét ké nho, dic
biét 1a trong cac hé théng nhiin, v¢i s thanh phan phu trg thém vao tdi thiéu nhéat. Nho chu tric
va kha nang cai dat cac chuong tr. “.{ng dung ngay trong bd nhd ROM hodc bd nhé Flash tich
hop sén, cic hudng va cac Gmg dung cu thé cta ho vi xir Iy nay cha yéu tap trung vao cac muc
dich gia dung va dan dung. Thong ké mét s6 linh vuc tmg dung clia cac trung tim vi xtr Iy ho nay
duoc liét ké trong bang sau.

CPU 8051 va cac linh vuc &rng dung:

= Piéu khién trong cong nghiép (System Supervision)
= Piéu khién dong co
= Hang khong

= Mayyté
= Truyén thong, truyén dir liéu
= Mang:

- Vimang

- Thiét bi khong day,
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- Dién thoai di dong,
- B0 lap lai (repeater),
- Chuyén mach (switch)
= Video game, d6 choi (toy)
= Thiét bi:
- Thiét bi cAm tay, thiét bi di dong
- Thiét bj dau cudi truy nhép dit liéu
- Hé thong dén hiéu dudng sit
- Tram vé tinh mat dat,
- Hé thong giam sat khong day.
- Dién thoai Mdy tinh Hé théng an toan
- May in Laze, may in mau, may nhén tin
* Trong gia dinh:
- Do dién gia dung Thiét bi dam thoai Difu thoai Hé thdng an toan M& dong cira
Tra 101 ty dong May FAX,
- May tinh gia dinh TV Truyén hini. cap V'R Camera Diéu khién tir xa Trd choi
dién tur
- Nhac cu dién tir, diéu khii énh se =

2.4.3 Vimach H¢ théng kh3*»n trong 4t Chip (Programmable System on chip-PsoC)
va Mdy tinh thong p- nh kh. trinh (Programmable Intelligent Computer-PIC)

La mot cong nghé phat tién rat n._h hién nay, ma nén ting co so 13 : hop nhét tit ca cic thanh
phan moét may vi tinh, cac vi mach dién tr chuyén dung nhu ADC/DAC, DSP ... vao mot vi
mach duy nhét v6i kha ning 1ap trinh Gmg dung ngay trén vi mach d6. Linh vuc tng dung 13 tao
ra cac HTN véi pho céu hinh tir don gian t6i phtic tap. O nude ta ddy 1a xu hudng phat trién rat
manh boi dé thuc hién va dic biét gia thanh rat hop Ii.
PIC: PIC bat ngudn la chit viét tit ciia "Programmable Intelligent Computer" (Mdy tinh kha trinh
thong minh) 1a mot san pham ctia hang General Instruments dit cho dong san pham dau tién cua
ho 1a PIC1650. Liic nay, PIC1650 dugc dung dé giao tiép voi cac thiét bi ngoai vi cho may chu
16bit CP1600, vi vay, nguoi ta cling goi PIC véi cai tén "Peripheral Interface Controller" (Bo
diéu khién giao tiép ngoai vi). CP1600 1a m¢t CPU tt, nhung lai kém vé cac hoat dong xuét
nhap, va vi vay PIC 8-bit duoc phat trién vao khoang nim 1975 dé hd trg hoat dong xuét nhap
cho CP1600. PIC str dung microcode don gian dat trong ROM, va mac du, cum tir RISC chua
dugc str dung thoi bay gio, nhung PIC thuc sy 1a mdt vi diéu khién véi kién tric RISC, chay mot
1énh mdt chu ky may (4 chu ky cua bo dao dong).
Nam 1985 General Instruments ban bg phan vi dién tir cuia ho, va cha s¢ hiru méi huy bd hau hét
cac du an - lic d6 da qua 13i thoi. Tuy nhién PIC dugc bo sung EEPROM dé tao thanh 1 bo diéu
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khién vao ra kha trinh. Ngay nay rat nhiéu dong PIC duoc xuat xudng v4i hang loat cac module
ngoai vi tich hop san (nhu USART, PWM, ADC...), v6i bd nhé chuong trinh tir 512 word dén
32K word (1word=16 bit).

Vé ciu tric ciia PsoC/PIC: sw tich hop nhiéu thanh phén trong mét vi mach

C6 mot hay vai vi diéu khién (microcontroller), hay vi xir Iy (microprocessor) va bo xir 1y

tin hiéu sb ( Digital Signal Processor-DSP ).

Céc khéi bo nhé tuy chon ROM, RAM, EEPROM va Flash.

Ngudn dong hd chuan gdm bo giao dong thach anh va mach phan héi do chét pha (phase-
locked loops).

Ngoai vi gém bd dém dinh thoi (counter-timers), dém thoi gian thuc (real-time timers) va

mach ty dong khoi dong lai hé théng (power-on reset).

Ghép nbi ngai theo chudn cong nghiép USB, FireWire, Ethernet, USART, SPI(Serial
Peripheral Interface).

Ghép nbi véi tin hiéu twong tw ADC v DAC 8, . .12 bit.

Bo nguén chuén, c6 do chinh xac cao.

Vi du cac thanh phén hop thanh Cua ingt v 1 &u khién hoan chinh:

t ‘Croproce sor

E—

< Microcontroller
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Céc khdi chirc nang dién hinh cia CPU ARMv8-A (British company ARM Holdings)
Hinh 2.37 M6 hinh mét vi diéu khién kiéu PSoC hay PIC kiéu Vi xir If trong mét Chip
(Microprocessor-based system on a chip)

v' Mot s6 vi mach PSoC 13 sim phim ciia CYPRESS

Vi du CY8C29466:
mBoxuly kiéu Harvard rat manh * Hai b0 nhan 8x8, Thanh ghi tich Iy
* Toc do téi 24 MHz ACC 32-bit
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* Tiéu thu ngudn thip ngay ca & toc do
xur li cao

* Ngudn nudi : 3.0V to 5.25V

* Moi truong nhiét do : -40°C to +85°C
* Hoi dong Dién tir va Ty dong hoa
(AEC) di chting nhan san pham

m Hé théng cac thiét bi ngoai vi tién tién
(PSoC® Blocks)

* 12 Khdi lién két thiét bi twong tu cung
cap:

» Cac ADC téi 14 bit

* Cac DACs t61 9 bit

« Cac bo khuyéch dai kha trinh

» Cac b0 loc va bo so sanh kha trinh

* 16 khoi ki thuat s6 cung cép:

» cac bd dém va dinh thoi 8 t6i 32 bit, va
bo diéu ché theo d6 rong clia xung
(PWM)

* cac module CRC va PRS

* C6 4 UART chay song cong

* Da bus SPI™ Masters or S'aves

* Bang cach t6 hop cac klic 20 ra .hiét
bi ngoai vi phtrc hop

m Dong ho kha trinh, do chinh xac 0

* Pong ho trong 24 t6i 48 MHz , £5.0%
* C6 thém dong ho thach anh ¢ tan s6
32.768 kHz

* Tuy chon dong hd ngoai t6i 24 MHz
* (Giao dong ndi cho Watchdog va Sleep
m B§ nh¢ linh hoat trén chip

* 32K Bytes Flash cho chuong trinh

* 2K Bytes SRAM cho Dit li¢u

* Lap trinh tryc tiép qua lién két ndi tiép
(In-System Serial Programming -ISSP)
* Néng cap Flash timg phan

* C6 ché do bao vé linh hoat (Protection
Modes)

m Cac chan ndi kha trinh chirc ning
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* Dong dau ra 25 mA Sink, 10 mA

Drive trén tt ca cac chan (GPIO) cua

chip

* Déy kéo, dién trd treo, tréd khang cao,

hé mach dau ra & tt ca cac chan cua

chip.

* Co t6i 12 dau vao twong tu (Analog

Inputs on GPIO)

* 4 dAu ra trong ty cung caaso t6i 40

mA (Analog Outputs on GPIO)

* Cac ngit kha céu hinh trén tét ca cac

chan ngit cua chip

m Cac ngudn tai nguyén hé théng khéc:

* Kéudi gitra cac IC kiéu chi/td voi toe

d, 20 kHz (I12C Slave, Master, and

Multi- “aster to 400 kHz)

* Watcha
Kha cau’hinh dé phat hién ngudn nuodi

the.

* Hop nhat mach giam sat (Integrated

and Sleep Timers

Supervisory Circuit)

* C6 ngudn dién ap chudn chinh xéac
trong chip

m Cong cu phat trién day du

* Phan mém phét trién tu do (Free
Development Software (PSoC
Designer™))

* Pau du cong cu md phong hiajt dong
kiéu ICE (Full-Featured, In-Circuit
Emulator and Programmer)

* M6 phong chay vdi tan sb t6i da (Full
Speed Emulation)

* Ced céu tric tim 16i hoan hao
(Complex Breakpoint Structure)

* 128K Bytes nhé cho luu ddu vét hoat
dong (Trace Memory)

* Ghi nhan sy kién day da

* C Compilers, Assembler, and Linker
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—{ Fort 7 Fort 6 [ Fort 5 H Fort 4 Pt 3 {{ort 2 { Fort 1 {{Rort 0 “:rrr‘:f‘g—
A ‘ 'y
[ SYSTEM BUS
| L
¥
Global Digital Interconnect b
Global Analeg Interconnect
T i sRoM | Flash 32¢ | PSoC CORE
- _ | Sl nd
- interrupt - CPUCore(MEC) - j-.'st-E:I:I:-p:al:ug e -
Confroller 1 *
Multiple Clock Sources
{ncludes MO, ILO, PLL, ans” =C01)
DIGITAL SYSTEM INAL > SYSTEM J
IR A,
EIUCk - i L “:k ﬁ:
# "!'rr'ﬁ.l.'r Nl A!’r .,‘.'.J-|E|.:.g
- Input
L~ | L S Wuxng
—'.— I * p nd LY -
. Wi OR and LVD || Internal
EE}:EIF Mulliply | |Cecimator| | 122 Violtages
o COUMS . [System Resets Ref.
SYSTEM RESOURCES

Hinh 2.38 Vi diéu khién PSoC CY8C29466

v Vi mach PIC ciia hiang Microchip Technology

http://www.best-microcontroller-projects.com/pic-microcontroller.html

Mot PIC gidng nhu mot thiét bi manh dugc thiét ké va tich hop nhiéu thanh phan kiéu

module nhu sau:
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o EEPROM.

e Timers (cac bd dinh thoi).

e Analogue comparators (cac by so sanh tuong tu).
e UART ( bd thu phat di bd van nang).

e Cac céng két ndi ngoai vi, mé rong bd nhd

V61 cac module nhu vay, co thé trién khai cac dy an ung dung nhu:

* Frequency counter — Dém tan s, str dung cac bd dinh thdi bén trong, két qua thong
béo ra ngoai bang cach truyén thong di xa UART (RS232), hay ra LCD tai ch.

* Capacitance meter - Dién dung ké, bang cac bd giao dong so sanh twong tu.

* Event timer — Dinh thoi sy kién véi cac bo dinh thoi bén trong.

* Event data logger — Thu thap dir liéu theo dinh thoi va sd hoa bang DAC bén trong,

lru dir liéu trong EEPROM hay luu trong bo nhé ngsai qua tuyén truyén dit lidu toc do
cao 12C.

* Servo controller — Ung dung tu dong hoa l1éu.diéu k- *n servo st dung bo diéu ché
d6 rong xung PWM véi phan mém diéu kliter. ervo, két h truyén thong qua UART

dén thiét bi dau cubi.

Vidu PIC 12F675: 8 chan (Dual 12 Line, 5 cac ngoai vi tich hgp nhu sau:

(

VDD ~ ‘[ 1 © BD*— Vss
GPSTI1CKI/OSC1/CLKIN -—-[ 2 E 7 DH GPO/ANO/CIN+ICSPDAT
GP4/AN3/TTG/OSC2/CLKOUT <—{| 3 g 6 []=—= GP1/AN1/CIN-VREFICSPCLK
GP3/MCLR/NVPP —-—[ 4 a 5 DH GP2/ANZ2/TOCKIINT/COUT

Hinh 2.39 B6 tri vé-chan PIC 12F675
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13 Data Bus 8
Fiaen [ Progran Courter] I
5 3] GPOJANDICIN+
E{gﬁ:gg} I L =—{] GP1/ANT/CIN-VREF
8-Level Stack MM GPZANZTOCKIINT/COUT
1Kx 14 (13-bit) ReqiSiers r GP3MCLRVPr
54 %8 3] GP4/ANIT1G/OSCHCLKOUT
Program 44 +—e[| GPST1CKIFOSCA/CLKIN
Bus r A
o
Instruction Reg ’”‘”‘“—‘r MUX
I Direct Addr 7
Internal 8
4 MHz
Oscillator AL
- b
| Bs:rugtiog
ecode
Control <= Fawer-up
Timer
| Timin Oscillator
BIS=E| Generation (<= Stari-up Timer
OSCACLKIN Power-on
OSCACLKOUT Voo, Vss [B— Resat
Watchdog
Timer
E—' Brown-out
REIe] Detect
TACKI *
E_" Timer( Timer1
TOCKI
L 1
i R
. I Analog
Analog to Digital Converter | ymparator EEDATA
= (PIC12F675 only) = lreference 5 | 128 bytes
—F DATA
L[ EEFROM
4| EEADDR
= S+ COUT 4 |
VREF ANO ANTAN2 AN3
Note 1: Higher order hits are from STATUS register.

Hinh 2.40 M6 hinh khoi chirc nang PIC12F629/675
Dac trung:

e Two timers.

e One 10 bit ADC with 4 selectable inputs.

e An internal oscillator (or you can use an external crystal).
e An analogue comparator.

e 1024 words of program memory.

e 64 Bytes of RAM.
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e 128 Bytes of EEPROM memory.

o External interrupt (as well as interrupts from internal peripherals).
o External crystal can go up to 20MHz.

e ICSP : PIC standard programming interface.

Céc PIC hang trung binh c6 khong gian dja chi tir 1 KB dén 8 KB (vi du ho 18FXYZ).
B6 nhé xem ra khong nhiéu, nhung véi tap 1énh hiéu qua c6 thé xay dung cac ing dung
rat hitu ich. (Xem vi dy & PHU LUC : LM35 temperature sensing project).

Lap trinh: St dung giao dién nbi tiép ICSP dé 1ap trinh, c6 thé 1ap trinh bang hop ngit,
hay C.

Vao/Ra - I/0: PIC c6 cac cong két ndi st dung cho nhiéu muc dich, vi du cho diéu khién
motor budc, dong cit cac rele, doc cac nat an dong/mo, hién thi ra LCD/7--
segment/LED, do tan so, st dung ADC véi nhiéu mu< uich khac nhau ...

Ngoai vi (Peripherals): Cac thiét bi tich hop bé tro. rat nhiéu va hitu hiéu cho céc dir
an ng dung, tly vao yéu cau c6 thé chon do'g PIC véi ‘< dic trung khac nhau. Cac
dic trung tong quat gdm co:

PIC .
. F. C mic controll¢r
microcontroller L.
» ture des. ‘rlion
Feature
Flash memory =-programmable program storage.
RAM Memory storage for variables.
Long term stable memory : Electrically
EEPROM Erasable Programmable Read
Only Memory.
High current Input/Output ports (with pin
I/O ports

direction change).

Timers/Counters | Typically 3.

Built in RS232 protocol (only needs level
USART .
translator chip).
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CCP Capture/Compare/PWM module.
SSP 12C and SPI Interfaces.

An analogue comparator and internal

Comparator
voltage reference.

ADC Analogue to digital converter.

Parallel Slave Port (for 8 bit

PSP .
microprocessor systems).

LCD LCD interface.

Special features ICSP,WDT,BOR”™ R,PWRT,OST,SLEEP

CSP Sim.ple prog ‘nn.ling usiL_ "nCircuit
Serial Program. ‘ng.

Flash memory: B nhé che'chuo. ; trinh.

ICSP (In Circuit Serial Prog “nming): Cong giao dién véi hé phat trién, 1ap trinh tryc
tiép cho PIC da nam trén bo mac, hiét ké. Qua trinh 1ap trinh/thir nghiém duoc don gian
hoa theo kiéu in the circuit cho ti khi hoan thién phan mém.

Cong 1/0: Str dung dé ghép ndi véi cac thiét bi ngoai.

Céc chan ndi: Hau hét cac chan ndi c6 thé 1a IN hay OUT don 1& hay nhom qua lap trinh.
1 chan ndi c6 thé lam nhiéu chic ning theo timg thoi diém khac nhau, vi du chan RAO
cua céng PORTA: out-dua dir li¢u cho 7-segment LED, sau do la céng in-doc dir liéu
vao. Cong suit cac cong ra cd thé cho tdi 25 mA.

Pinh thoi (Timer / Counters): Thudng c6 3 bo dém dung dé lam dinh thdi, dung nhu bd
dém hay dinh thoi.
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Timer 0: 8 bit, c6 kha nang dat trudc mot gid tri voi tin hi¢u dau vao c6 tir bén trong
(Fosc/4) hay tir bén ngoai. Khi dém tran gia tri s& tao ra mot ngat, duoc dung nhu mot
watch dog.

Timer 1 : 16 bit, v&i kha nang dat trude gia tri. DPém tran s& tao ra mot ngét.

Timer 2 : 8 bit, v6i kha ning dit trude gia tri. St dung dat gia tri gbe thoii gian cho
module PWM.

USART: Céng ndi tiép RS 232 dung két hop v61 mach tao ra V24, vi du vi mach
MAX232, hay SP202ECP.

Baud Rates: dit tbc d6 cho UART, c6 thé hoat dong téi 38.4kbaud.

CCP (Capture/Compare/PWM) diéu ché PWM véi 3 ché do:

Capture — ghi nhén sy kién

Compare — So sanh khi Timer 1 dat gia tri dat trudc.

PWM - Pulse Width Modulation.

Capture : Liy dir lidu cia Timer 2 khi chian CCP.<udng 1én cao hay xudng thap do 1ap
trinh.

Compare: So sanh khi Timer 1 dat gi tri, v*'dua vao C. 2R1. Dung dé khoi dong ADC.
PWM: Diéu ché PWM v&i do phan giai 10 bi.

SSP (Synchronous Serial Port): két<1di voi th * bi theo giao thirc SPI SPI (Serial
Peripheral Interface) hay [2C(Inter IC" ~umunicati a). (project 12C here, more info 12C
here).

Comparator and compar- cor ve fage refe ¢nce: Module so sdnh c6 2 bd so sanh tin
hiéu tuong tu, c6 thé 1ap 1« ngs cach lam viéc khac nhau: dau vao c6 thé 1a twong tu
hay s6, so sanh voi cac mire dic. %o chuén. Dién ap chuan duoc tao ra bén trong chip, ndi
vao 1 dau vao cia ca 2 bd so san ., v6i cach don kénh co thé img dung cho 4 tin hiéu
vao/bd so sanh. Pau ra cta bd so sanh c6 thé goi ra ngodi qua mot chan cua vi mach.
Mirc tin hiéu vao nam trong gidi han Vdd va Vss.

ADC : Phan giai cap do 10 bit, 10 dau vao tuong tu don kénh.

PSP: Cong song song 8 bit, doc/ghi, ché do slave, cho phép mot hé théng khac giao tiép
tryc tiép vao CPU tir ngoai véi tin hiéu chon chip (CS-chip select). Hé bén ngoai nhin
CPU nhu thiét bi kiéu anh xa bo nhé (memory mapped 1/0), nhu vay PIC CPU 1a mét hé
con (slave) cua h¢ kia, va co thé lap trinh cho PIC thuc hién cac tac vu theo yéu cau.
LCD: Giao dién véi LCD, vi du véi LCD module HD44780.

Cac dac ta dac biét:

In Circuit Serial click here (jumps to ICSP

ICSP . .
Programming section).
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) This is a software error
WDT Watch dog timer
protector.

This detects if the power
BOR | Brown Out reset |supply dips slightly and resets
the device if so.

This starts

POR |Power on reset . e
microcontroller initialization.

PWRT |PoWeR up Time |A time delay to let Vdd rise.

Oscillator start up |[Wait for 1024 cycles after

T

08 timer PWRT.
PIC

SLEEP |microcontroller _ter low pow >miode.
sleep mode

WDT ( Watch dog timer): < dun, khi phan .ém chay ¢ van d¢, s& RESET cting CPU
vé trang thai ban dau. D& ca res.t cig CPU, khi phan mém lam viéc binh thuong, can
phéat sinh Iénh CLRWDT cai trc  ~ chu trinh, va nap lai gié tri dinh thoi cho WDT. WDT
chay theo dong ho riéng.

POR (Power On Reset): Khé1 dong PIC microcontroller khi c6 suon 1€n cua tin hiéu
MCLR.

PWRT: néu cho phép PIC microcontroller s& khdi dong sau 72 ms.
OST (Oscillator Startup Timer): d6 tré can 1024 chu ki dé c6 tan s6 6n dinh.

SLEEP (Sleep mode -or low power consumption mode) hoat dong khi thyuc hién 1énh
'SLEEP'. PIC s€ “thurc day” boi cac sy kién nhu: RESET ngoai, Watch Dog Timer, INT
- peripheral interrupt.

Mot sé PIC véi cac dong khjasc nhau: 12F, 16F:

PIC PIC PIC
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microcontroller \microcontroller |microcontroller

Device No. Pins Flash memory
WORDS

12F675 8 1k

16F88 18 4k

16F877A 40 8k

Dung lwgng bo nhé Flash ctia PIC Microcontroller

Bo nhd cua PIC thuong khéng 16n, nhung véi tap 1én» RICS van c6 thé chay nhiéu Gmg
dung, tuy nhién néu can bo nhé 16n hon, hiy chon P«C 16F véi 4 - 8Kword (hay 8-16KB)
hay mé rroojng qua lién két 12C.

Dung lwgng bo nhé RAM va EEPROM c¢7 a PIC mic. -ontroller

RAM chta bién va cac dir liéu tirc thi, »ay 1, » thoi, luu , khi Gng dung véi 46 dai dir
liéu khong qua 16n. Khong nén ding <au phay do. » nén dung sé nguyén dai dau phay cb
dinh

PIC microcontroller EEROM <10 dit I, hing s6.

PIC hién nay rat pho bién # nu6c  trong gic.ag day va thyc hanh tng dung. C6 thé tham
khao tai: http://www.picviet:. m.com/forum/showthread.php?t=10

Duéi day 1a vi du loai PIC 16F> */883/886, dang st dung kha rong rai & Vi€t nam:

28-pin PDIP, SOIC, SSOP

REIMCLRVEF —=[ 1~ 28] ]=— RBT/ICSPDAT
RAD/ANO/ULPWUIC12IND- =——[] 2 27[]=—* RBS/ICSPCLK
RATANICIZING- —=[] 3 26 |=— RBS/AN13TIG
RAZIAN2/VREF-ICVREFIC2IN® =—[] 4 o 25 ] =— RB4/AN11/P1D
RAJAN3NREF+C1IN+ =[] & @ 24 [ |=— RBIANIPGMICT2INZ-
RA4/TOCKIC1OUT =—[| 6 a 23| | «— RBZ/ANBI/P1B
RASIAN4/SSIC20UT ——[] 7 2 22 []=——= REB1/ANADP1CICI2ING-
Vss —[ 8 ® 21[ | =— RBO/AN12/NT
RAT/OSCU/CLKIN =—=[] 9 E 20[]«—— VoD
RAB/IOSC2ICLKOUT =—=[10 ) 19 [ J=— Vss
RCOM10SOMICK] =—s[]11 i 18 [ ]=—= RCT/RX/DT
RC1T10SICCP2 =— 12 17 [] =— RCBITXICK
RCZIPIAICCPT =—=[13 16 [ ] «— RC5/SDO
RCISCKISCL —=[ 14 15[ ] «——= RC4/SDISDA
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Hiols

=k

ka

FICAEFEE3 aniy.
FICAEFEE2 aniy.

FIGURE 1-1: PIC16FE82/883/386 BLOCK DIAGRAM
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Hinh 2.41 Vi diéu khién PIC 16F882/883/88
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CPU RISC hié¢u ning cao:

« Chi can 35 1énh may :

- T4t ca céc 1énh déu thuc hién chi trong 1
chu ki 1€nh, trir cac 1énh nhay

* Tc do hoat dong:

- DC — 20 MHz tan sb dau vao (clock input)
- DC — 200 ns cho mot chu ki 1énh

« Ngit

* 8-Level Deep Hardware Stack

« Csac ché do dia chi: Direct, Indirect va
Relative

Cic dic diém dic biét cia vi didu khién:
* Giao dong noi chinh xac 1dp bdi nha may
+1%

- Kha trinh 1ap tan s6 tir 8 MHz xudng dén
31 kHz

- Tinh chinh bang phan mém

- Hai t6¢c d6 khoi dong chon khi khoi dong
- Phét hién sy ¢b & thach anh cho cac ung
dung t&1 han

- Kha chuyén dong ho ngay khi dane hoat
dong dé tiét kiém nang luong

« C6 ché @6 “ngu” tiét kiém nan, “rorg

« Thang ngudn nudi rong :2.0V-5.5

* Chui dung madi truong nhiét cong ngi ¢p
cao

« Khoi dong khi bat nguon (Power-on Reset
(POR))

« Pinh thoi bat ngudn (Power-up Timer
(PWRT)) va khéi dong giao dong (
Oscillator Start-up Timer (OST))

« Khoi dong voi phan mém

* Bao v€ ma kha trinh

« Flash/EEPROM Cell bén vitng 1au dai véi:

- 100,000 1an ghi vaoFlash

- 1,000,000 1an ghi vaio EEPROM

- Flash/Data EEPROM séng t6i hon 40
years
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« GO 1di trong chip (In-Circuit Debugger (on

board))

Tiéu thu ning hrong thap:

« Dong & ché d6 nghi (Standby Current):

-50 nA @ 2.0V

* Dong lam viéc (Operating Current):

- 11pA @ 32 kHz, 2.0V,

- 220pA @ 4 MHz, 2.0V

* Dong vo1 Watchdog Timer:

- 1pA @ 2.0V, typical

Cac ngoai vi:

« 24/35 chan vao/ra (I/0) kha niang kiém

soat huéng :

- Dong tai truc toeesp cho dén LED

- Thay d6i chirc nang ngit & chan chip
Ki. trinh ¢ tung chan chip

« Modu. w61 cac bo so sanh:

- 2 b0 so sc.ih tuong tu

- "ha trinh dién ap chuan

(CV AEF) module (% of VDD)

- bién 4p chuan cb dinh (0.6V)

- C6 mach 1at kiéu SR 1am thanh chét

- C6 cong cho bo dém ngoai ndi vao cho

phép dém

« B bién d6i ADC:

- b6 phan giai 10-bit véi 11/14 kénh

« Timer0: B4 dém 8-bit (Timer/Counter) kha

trinh gia tri ti 1€ chia dat trudce

(Programmable Prescaler)

« Timer] tién tién:

- 16-bit timer/counter kha trinh gié tr1 ti I¢

chia dat trudc

- C6 cong chdt dé ndi tin hiéu tir bén ngoai

- B0 giao dong tinh xao 32 kHz

* Timer2: 8-bit Timer/Counter with 8-bit

Period Register, Prescaler and Postscaler

* Enhanced Capture, Compare, PWM+

Module:



XAy dung cac Hé thong nhiing

- 16-bit Capture, max. resolution 12.5 ns

- Compare, max. resolution 200 ns

- 10-bit PWM with 1, 2 or 4 output
channels, programmable “dead time”, max.
frequency 20 kHz

- Péu ra ctia diéu ché PWM cho diéu khién
lai

« Module nhan, so sanh, diéu ché PWM:

- 16-bit Capture, max. resolution 12.5 ns

- 16-bit Compare, max. resolution 200 ns

- 10-bit PWM, max. frequency 20 kHz

* Module USART:

- HO tro két nbi RS-485, RS-232, va LIN 2.0

- Ty dong phat hién tdc d6 truyén thong

- Ty dong trd lai hoat dong khi phat hién bit
START

« Lap trinh truyén thong ndi tiép qua 2 chan
cua chip (In-Circuit Serial ProgrammingTM
(ICSPTM))

« Module truyén thong ddng bo chii (Master
Synchronous Serial Port (MSSP) Module)
hd trg két ndi 3 day SPI (v6i ca 4 ché do
1am viéc) va két ndi I2C™ c6 Chi/td véi
mat na dia chi (

Master and Slave Modes with [2C Address
Mask)

Do khuén khé gido trinh, cic hwéng din khai thic v thiét ké véi cic dong chip nay khong

dwa vao tai ligu. Khi trién khai tim doc tai liéu v'. la. theo huwong din ciia nha cung cdp.

Thong thuong twr nha cung cdp cé cdc thiét k> miu va ¢ g cu phdt trién (Cdch lap trinh,

cong cu dé nap chwong trinh vao chip) hé t=0 ng én ciru va .ién khai vng dung.

2.5 BO NHO VA THIET KE BQ NdO

Bo nhé 1a phuong tién luu tr? thong in bao gém chwong trinh va sb liéu trong hé théng may

tinh. Phan gi6i thi¢u chung nay *<Cap téng quan va nhiing khai nién co ban nhat vé bd nhd.

Béng sau ddy cho mot s6 thong tin cc 4n-vé bo nhé trong may tinh:

Memory Type | Access Time | Cost /MB | Typical | Typical Cost
Amount
Used

Registers Ins 1KB

Cache 5-20 ns IMB

Main memory | 60-80ns MB

Disk memory | 10 ms GB
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2.5.1 Mt s thong sé chinh ciia mach nhé

Pé dai ciia 6 nhé: Do dai ctia 6 nhd cho biét s bit chira trong 6 nhd, ¢6 thé tinh bang bit,
byte (8 bit), tir (16 bit), tir dup (32 bit) hay tir kép (64 bit).

Dung luong (capacity) ciia mach nhé xac dinh s bit hay byte hay tir cuc dai ma mach
nhd c6 thé chira. Gia sir mach nhé c6 n bit dia chi dau vao va mdi dia chi (hay 6 nhé) d6 dai la m
bit, nhu vy mach nhé ¢6 dung lugng 2" x m (bit). Pon vi do dung lugng bd nhd thong thuong
nhit la: Byte(B), KiloByte (IKB=2'"B), MegaByte (IMB=2?"B), GigaByte (1GB=2’B),
TetraByte (1TB=2""B)...

Thoi gian tham nhdp (Acces Time) 1a thoi gian tir thoi diém ap dia chi toi BUS dia chi t6i
khi khi ndi dung ctia 6 nhé dé dugc dua ra BUS sb liéu, ky hi€u 1a ta , thoi gian nay phu thudc
vao cong nghé ché tao va céu tric mach nhé.

Chu ky doc (Read Cycle) 14 thoi gian ké tir khi ap dia chi dé doc 6 nhé cho dén khi c6 thé
ap dia dé doc 6 nhé tiép theo, ky hiéu 1a trc. D6 1 thoi gian ngan nhat gitta hai 1an doc mot 6
nho.

Chu ky ghi (Write Cycle) 13 thoi gian ké tir kbi' » dia chi dé ghi 6 nhé cho dén khi c6 thé
ap dia dé ghi 6 nhé tiép theo, ky hiéu 1a twe. P61 thor ‘an ngan nhat gitta hai 1an ghi mach
nho.

Trang thai doi tw (wait state) 1a sé C2 ' J.Clo. chen vao chu ki doc/ghi dé thich tng voi
mach nhé do ta cua mach qué dai. No6i el khéc néu ¢ >»o'mdt module nhé cham cho may tinh
nhanh, can dé)ng bd v6i hoat dong cue CPU ¢ " dam bac may chay 6n dinh thi can thém mot vai
tw, moi tw = 1 T clock cia CPU Tia mdi chip "RPAM déu c6 ghi cac thong sb ki thuat can cho
thiét ké, vi du: DRAM Hitachi ™51V 17400BS t6 chirc nhu sau: 4M x 4 bits, 2K refresh,
Extended Data Out (EDO), Speea )= 60ns, Supply = 3.3 Volt. C6 thé xem va diéu chinh
thong sd nay trong BIOS cuia cac PC.

Tén s6 ciia mach nhé 1a lugng thong tin 16n nhét ¢ thé doc hay ghi vao mach nhé trong
thoi gian 1 gidy.
f=1/tm
Trong do ty = Max (trc, twe )

Phan tir nhé
Phan tr nhé thong thuong 13 mot mach dién co thé ghi lai va luu giit mot trong hai gia tri cia
mot bién nhi phan, hodac 0 hoac 1, dugc goi l1a bit. Trén mach di¢n dudi day, trén day DI sé€
khong co dién ap (do cong tic md), trong khi diy D2 c6 dién ap (vi cong tic dong, hay théng qua
diode mic theo chiéu thuén), gin bing gia tri ngudn nudi Ve, tuong tng véi bit D1 = 0 va bit
D2=1.
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L D1 i D2 o D1 ‘] D2
+\ee ;1 . ] +\er ;1 : }
& | K & | L

=" T

Phuong phap tas phén ttr nhd Dy = 0 va Dz = 1 bing mach dién don gidn

Hinh 2.42 Cdch tao bit nhé cé dinh bang cong tic co hoc hay diode ban dan

Mach 14t (flip-flop) RS (con goi 1a triger RS) dong bo 1a mot mach co kha nang luu giir cac gia
tri 0 hodc 1 & 16i ra. C6 thé dung RS Flip-Flop lam mdt mach luu gitr tin hi¢u vao R bé“mg cach
chdt dir lidu d6 lai tai dau ra Q. Cac hang ché tao thuc hién mach nay bﬁng cong nghé cao, nén
kich thudc vo cting nho, ¢6 thé ¢ hang nhiéu triéu phan 4L mhé trén mot dién tich Imm?2. Céc vi
mach nhé thong thudng duogc ché tao voi do dai tir nh4 4 s6 luong tir nhé ¢b dinh.

Hinh mo ta:

- Dung Flip/flop RS, hay D nhé 1 bit, thi<' hop dé ché . » ko nhd tinh tinh (Static).

- Céac dau vao/ra can thiét ciia mot 649, he mot chip nhd, hay mot module nhé (ROM
hay RAM): Dia chi (tdp cac di¢ ~hi ap vao, -~4c tin hi¢u ghi (WR/)/doc(RD/), chon
chip/module CS (Chip Select) 7a da. 2/vao dir Licu.

— -

R ol— E:iaml': Bia chi
DiF liéu DiF liéu
e al— RAM |2 ROM
| —_
WR— S
al BT OFE —
E b cs

Hinh 2.43 M6 hinh dau vao/ra cia phan tir nhé

Pon vi nho
Pon vi nhé 1a cac gia tri qui wdc trong ky thuat may tinh, c6 thé ¢ cac loai nhu sau:
- Nhé 1 bit,
- Nho vai bit : 4 bit hay 8 bit (con goi 1a 1 byte);
- Mot tu (word) 16 bit
- Mot tir dup (double word) 32 bit
- Mot tu dai 64 bit
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Dé tao dugc mdt fir nhé ciia bé nhé, tic 1a tir nhé co6 do dai (sé bit trong mat tir) chuan (theo
chuén IBM 14 8 bits), trong mét sd trudng hop nhét dinh can phai tién hanh ghép cac chip nh¢ lai
vO1 nhau.

cho ta khai niém vé kha ning tao mot tir nhd co ban (byte) khi tir nhd cuia chip nhé 13 1bit, 2bits
va 4 bits. Trong trudng hop do dai tir nhé cua chip nhé 13 8 bits, viée lién két 1a khong can thiét.

(1) 18T PER CHIP

1BYTE
(2) 4 BITs PER CHIP (3) aBiTs PER CHIP
[ | | [ |
[
|
T D Do Dy Dof D2 D) Dg
D7|Ds Ds Dy D502 D Do o o
o ) o v
T

WNTE
1 B%TE

Hinh 2.44 Cadch t6 chirc 1 don vi< hé chudn (. vte) tir cdc phan tir 1 bit, 4bit va 8 bit

Thong thuong do dai mot don vi pk"~nu thuo. 20 loai CPU c6 kha nang xu i, vi du CPU 8 bit
nhu Intel 8085, Motorola 6800 «tr Iy t¢ da 8 bit song song. Ngay nay cdc CPU da nang trong PC
xur 1y 32 bit va 64 bit.

2.5.2 Phéan loai b nhé

No6i chung, bd nhd dugce phan loai theo mot vai thude tinh. Sau day 1a mot sb cach phan loai bd
nho:

Theo chirc nang bo nhé dugc chia thanh hai loai:
- BO nh¢ trong ( bo nhé chinh)
- B6 nhé ngoai. ( bd nhé phuy)
Duea trén thoi gian ghi va cdach ghi bd nhé trong c6 thé chia thanh:
- B6 nhé ¢b dinh
- BO nhé ban cb dinh
- BO nh¢ doc/ ghi
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BO NHO ‘
DOC/GHI
cO BINH BAN CO DINH (RIW) NGOAI
!—‘j | I_k—\ |
ROM PROM EPROM EEF; FLASH SRAM DRAM SAM DAM e
Hinh 2.45 Phan los %0 nho
B§ nhé co dinh néi dung
ROM (Read Only Memory):

Bo nhé ¢6 ndi dung ghi sin mot lan khi ché tao  =oc goi 13 t, nhd c¢b dinh va dugc ky hiéu 1a
ROM. Viéc ghi dugc thyc hién bang matna. Mot px » tir nhd trong ROM thudng don gian hon
nhiéu so v6i mot mach 14t trong bd nhs de /ghi, vi trar _ thai ctia nd ¢b dinh. Chuong trinh diéu
khién cta hau hét cac hé vi tinh duoc giir tron, 2 OM.

B nhé bdn coé dinh néi dung

EPROM (Erasable Programmable Rc 'Only Memory)

Day 1a b nh¢ xo6a dugc béng tia cyc'tim va ghi lai dugc. S6 1an x6a va ghi lai khong han ché.
Chung c6 thoi gian ghi 16n hon rat nhiéu so v6i bo nhd doc/ghi. Dudi tic dung ciia tia cuc tim tat
cd cac 0 nhd bi x6a cung mot lac, tré vé gia tri =1, khi x6a mach nhé phai dugc dua ra khdi h¢ vi
tinh dé x6a. Diéu thuan tién & bo nhd ban c¢b dinh ciing nhu ROM, 1a bd nhé tuy bat bién khi
dung nhung van c6 thé ghi lai duoc. Mot bd nhd bit bién 13 bd nhd ¢6 ndi dung khong bi mat khi
nguén dién bi nga‘it.

EEPROM (Electrical Erasable Programmable Read Only Memory
EEPROM ciing tuong tu EPROM, c6 thé ghi duoc nhiéu lén, cO nghia 1a ghi lai va su dung lai,
nhung EEPROM khong xo4 bang tia cuc tim ma bang xung dién nén khi x6a van dé trong mach

dién.

Cac loai b6 nhd ROM:
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Read-Only
Memory
(ROM)
Mask Programmable Erasable Ultraviolet h::c ;: ::] L;;Ll y
ROM ROM PROM EPROM IE’E{'()M
(PROM) (EPROM) (UV EPROM) (EEPROM)

Hinh 2.46 Cac loai b nho ROM
B¢ nho doc/ ghi- RAM

RAM (Radom Access Memory) kiéu truy nhap ngiu nhién, chi can c6 dia chi ap dat, vi tri nao
khong quan trong, s& truy nhap duoc ndi dung dia chi trd t4i. Bo nhd co thé ghi va doc nhiéu lan,
v6i thoi gian ghi ngan ¢ vai chyc dén vai trim nano o‘ay. Trong cac hé vi tinh, bd nhé doc/ghi
dugc st dung dé cat giir chwong trinh (hé diéu hanh<ung ng), két qua trung gian.

Cac loai RAM:

Random l
Accels

Static Dynamic
RAM RAM
(SRAM) (DRAM)

— | |

Asynchronous S Hastbaig I'T*'xtcmjcd 2 e Synchronous
: SRAM Burst .Mode l)_alu Out EDO l_}_R AM 5 DRAM
E SRAM DRAM DRAM (BEDO H
CRaiadil) (SB SRAM) (FPM DRAM) (EDO DRAM) DRAM) (SDRAM)

Hinh 2.47 Cac loai RAM

SRAM (Static RAM)- b nhé tinh

SRAM 14 bo nhé doc/ghi co nguyén 1y hoat dong tinh: ghi vao mot gid tri va ton tai cho t6i khi
ghi gi4 tri méi. Khi mat dién s& mat noi dung. B nhé doc/ghi tinh ¢6 cac 6 nhé ciu tao tuong tu
nhu mach 1at. SRAM khong can diéu khién phirc tap nhu DRAM, t¢ d6 nhanh hon (tA = 10 ns),
tin ciy hon nhung gi4 thanh tinh theo bit ddt hon DRAM, dugc st dung lam bo dém cache trong
cac bd vi xtr ly hay may vi tinh. Bit nhé dugc tao boi Flip-Flop.
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Vi du cho 1 bit SRAM: Trén hinh bén 1a so d6 nguyén li mot mot 6 nhd cuia RAM tinh, mach
nhd sir dung 6 transistor. RAM tinh dugc ché tao theo cong nghé ECL (dung trong CMOS va
BiCMOS). M&i bit nhé gdm c6 cac cong logic voi 6 transistor MOS.

X
:— ______;é____ __:Fhénb}n"lé
I 1
| =
_ T T '
i ] 1
Cay it B : : | v bit 5
1 ] 1
IT T 1
\ T T '
I i
] 1
L _________________ 1
T T Dav dir idu
D
D
¥

Hinh 2.48 1 phan tr k. A tinh
Vi du td chitc mot Chip RAM 32Kx8 bao gém:
- Ma tran cac 6 nhg, hay byte nh¢ (khéi hai._ x cot);
- Dia chi truy nhdp vao 6 nhé hay b e nhé (aac =ss lines);
- Bus va khuyéch dai bus dit liéw'doc » hay ghi v s cac 6/byte nhd (I/O lines)
- Tin hiéu diéu khién doc/ghi (R CAD/W. *TE) (CS/, WE/, OE/).
HTTTH
D :
'D:‘ Memory array
Address _|k:' Row i 2 .
s . i f;g il
I i 8 bits
= — '

Eight | — 5 Ed
input buffers ~ :
P 4 | [eeenssnmann s [

o o Input [T Column /O 7]
} e I 1 / i | Ourput
Memory array — | daa [ - daFa
256 i | control Column decoder
SR 256 rows x /0y —k— T T
128 columns x 1
8 bits
o e Address lines
% ] 'L 40, )
“ ~ " bits L
128 columns o
Eight output buffers
(a) Memory array configuration (b) Memory block diagram

Hinh 2.49 1 chip RAM 32K x 8 (32K byte)

104



XAy dung cac Hé thong nhiing

Linh vue sir dung SRAM:
Do gia thanh cao, mat do ché tao (transistors/1 bit ) cao, tdc d6 nhanh, tin cay, dé thiét ké cho
ung dung, nén
* Trong may tinh SRAM thuong dung nhu RAM cache.
= Trong céac thiét bi dién tur s6, dic biét trong cac vi diéu khién ctia HTN , SRAM duoc st
dung phd bién bai cac tinh ning nén trén. Hon nita cac HTN khéng can dung luong bd
nhé 16n nhur & may tinh phd thong.

Linh vue stt dung DRAM (Dynamic RAM) RAM dong

Hinh duéi 1a so dd mot 6 nhd RAM dong duogc tao tir 1 transistor va 1 tu dién. RAM dong dung
ky thuat MOS. Mdi bit nhé gdm mét transistor va mot tu dién ki sinh. Viéc ghi nhé dit liéu dua
vao viéc duy tri dién tich nap vao tu dién va bi mat dan theo thoi gian. Do vay can khoi phuc lai
dir lidu, goi 1a 1am tuoi (refiesh). Qui trinh lam tuoi dién ra lién tyc, tu dong theo chu ki (vi du
khoan 2ps, hay khac tiiy dung lugng va cong nghé ché tan), vi thé goi 1a RAM dong. Viéc lam
tuoi dugc thyc hién véi tit ca cac 6 nhd trong bd nhd. £ ong viée nay duoc thuc hién tu dong baoi
mot vi mach lam tuoi. BO nhd DRAM cham, dé c'e tac mat do cao/don vi dién tich, phu hop
cho ché tao RAM, ré tién hon SRAM. Ddi lai di*1 kuiién phe. tap.

Nl
A L 1 L L
I T L7 [ [
& +| ¥ ]| ¥
;.1::?, T > X [1
) T LT LT LT L
Transisu. - & T T L iy
e T T 1
||— 8l Tt T At
i 3 | | & &
5 . . :
LI T T T 1
Nt
— Capacitor v ¥ ¥ ¥
nAs——lof'nmm_?f'lm_ Df 1 of'nl?ﬂ',a';n
o LY Y Y Vi) .
Mot bit DRAM
A ¥ LATCHr |
- DATA SELECTOR (4 TO 1 MUX)]

D.O. (DATA OUT)
RISTATE|
BUS

Hinh 2.50 Phan tir DRAM, 1 bit DRAM va ma trdgn DRAM
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Column Column
i |
Refresh ! Refresh !
buffer buffer
b y
Refresh 2% | Refresh =2 |
Row HIGH oo Row HIGH
. hipw
Output buffer! 4 Output buffer/ g
Sense amplifier * Sense amplifier
I 1 (1]
nmi% o nw.—-;{h T
Reiv =2 i~ - v 2 LOW -
HIGH LOW
Dyy HIGH Dy o
Input I Input |
buffer | buffer |
Bit line Bitline
(a) Writing a | into the memory cell (b) Writing & 0 into the memory cell
Column Column
1 I
Refresh : Refresh :
buffer buffer
j—' '
Refresh 0% Refresh JHOH_
Row HIGH — ol Row HIG A -
s ON | b M
Output baffer/ F Output buffer/ r _}
Sense amplifier - Sense amplifier -
HIGH ! HIGH !
Deur -1 Doyt ——— - 1L
— HIGH L = 7 HIGH 4 s
HIGH HIGH
Dy —— . —
Input i Input i
buffer ! 7 buffer !
Bii line Bit line
(c) Reading a | from the memory cell () Refreshing a stored 1
]
q 1 read cycle i
Addresses k_ Row address K Column address }( H
I L]
— !
EA% N/
-~ v
Pour { Valid data $—
{a) Read cycle
" i
H 1 write cycle !
Addresses X H:liw address X Column address X ].
)
s N/ N
CAY LY ry
v I A
(b)) Write cycle

Hinh 2.51 Cac cach ghi/doc/lam twoi cua DRAM
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Khi thiét ké DRAM du vao dic ta cia CAS/ va RAS dé thiét ké logic diéu khién

Cac loai DRAM sw dung trong may vi tinh PC

1. SDRAM (Viét tit tir Synchronous Dynamic RAM) duogc goi 13 DRAM dong bd. SDRAM
gom 3 phan loai: SDR, DDR, va DDR2.

o SDR SDRAM (Single Data Rate SDRAM), thuong dugc gidi chuyén moén goi tit la
"SDR". C6 168 chan. Puoc dung trong cac may vi tinh cil, bus speed chay cing véan tdc voi
clock speed ctia memory chip, nay da 16i thoi.

o DDR SDRAM (Double Data Rate SDRAM), thudng duoc gidi chuyén mén goi tit 1a
"DDR". C6 184 chan. DDR SDRAM la cai tién ctia b nhé SDR véi toc do truyén tai gip
d6i SDR nhd vao viée truyén tai hai 1an trong mot chu ky b nhd. Pa dugc thay thé boi
DDR2.

o DDR2 SDRAM (Double Data Rate 2 SDRAM), Thuong dugc gidi chuyén mén goi tat 1a
"DDR2/DDR3". La thé h¢ thir hai ciia DDR véi 240 chan, lgi thé 16n nhat cta né so véi
DDR 14 ¢6 bus speed cao gip doi clock speed.

2. RDRAM (Viét tit tr Rambus Dynamic RAM), #‘uong duoc gidi chuyén mén goi tat 1a
"Rambus". Day 1 mot loai DRAM duoc thié* ké i thudt hoan toan méi so v6i ky thuat
SDRAM. RDRAM hoat dong ddng bd thes mot hé th g lip va truyén dir liéu theo mot
hudng. Mot kénh bo nhd RDRAM c6 thé hd . 4én 32 chiy DRAM. Mdi chip dugc ghép ndi
tuan ty trén mot module goi 1a RIMM (Rambus - line Memory Module) nhung viéc truyén
dir liéu dugc thyc hién giita cac riach 4u khién v. timg chip riéng biét chtr khong truyén
giita cac chip v6i nhau. Bus bo.=»4 RDRA " la duong dan lién tuc di qua cac chip va module
trén bus, moi module cd ¢4 chan a0 va ra «én cac dau ddi dién. Do d6, néu cac khe cdm
khong chtra RIMM sé& phai § » not module lién tyc dé dam bao duong truyén duge ndi lién.
Téc d6 Rambus dat tir 400-800. "Hz. Rambus tuy khong nhanh hon SDRAM 1a bao nhung
lai dat hon rat nhidu nén c6 rét it 1 gudi ding. RDRAM phai cim thanh cip va & nhiing khe
tréng phai cam nhitng thanh RAM gia (con goi 1a C-RIMM) cho di.

B¢ nho ngoai

SAM (Sequencial Access Memory)

SAM la bo nhé ngoai tham nhép trinh ty. Thoi gian tham nhap phu thudc vao vi tri cua
thong tin trén phuwong tién mang tin. Vi du bang tir (Tap Cartridges) dung nhu thiét b luu trir dit
li¢u cia may vi tinh.

DAM (Direct Access Memory)

DAM cho phép thim nhéap ti bat cir ving dit liéu nao can. Thoi gian thim nhdp phu

thudc vao vi tri clia thong tin trén phuong tién mang tin. Vi du thiét bi dia cing, dia mém

thudc loai thiét bi ngoai vi kiéu DAM.

CD-ROM ( Compact Disk Read Only Memory)
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CD-ROM la loai thiét bi dia dya trén nguyén 1y quang laser. Dung lugng ciia dia CD-
ROM rit 16n c6 kha nang chira téi 650 MByte.

WORM ( Write Once Read Many)

WORM cho phép nguoi sir dung ghi théng tin mot 1an dé doc nhiéu 1an. Kiéu dia nay rat
thuén tién cho vi¢c sao chép phﬁn mém hay du liéu khi trién khai cac ung dung tin hoc.
DVD ( Digital Versail Disk)

DVD cho phép ghi nhiéu 16p thong tin trén mot dia lam cho dung luong cua dia ting 1én
dang ké so voi CD-ROM. Mot dia DVD ¢6 thé luu trit luong thong tin gip 17 1an mot
dia CD-ROM.

Nhitng mach nhé ban dan hién nay c6 sirc chtra giéi han. Trong mét vai ung dung, mot bo nhé
khong nhing can c6 dung luong du 16n, ma con can duoc t6 chic dé ¢ sé luong tir va sb luong
bit trong mot tir nhur mong mudn. N6i chung, trong bd nhé c6 nhiéu vi mach nhé duogce ndi ghép
lai dé c6 d6 dai tir va téng sb tir can thiét. Nhitng vi mach-nhd ban din duoc thiét ké sao cho co
day du nhitng chirc ning cua mot bd nhé nhu:

- M6t ma tran cac phan tir nhd, mdi phan tir nta At bit

- Phan mach logic dé giai ma dia chi cho s nho

- Phan mach 16gic cho phép doc/ghi “roc ti dung ctia 0 nhé

- B6 dém vao, b0 kich ra

- Phdn mach mé rong dia chi

2.5.3 Phan cip b nhé
Mb hinh phén cép bo nhé:

[vpical memaory sizes Typical access times

Hinh 2.52 Phén cdp bé nhé

Phan cép bo nhd duoc thé hién trén :
Quan sat hé théng nhé tir CPU ra ngodi ta cd cac thanh phan nhé sau:
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1. Cac thanh ghi da ning chira mot toan hang hay két qua trung gian, duoc diéu khién bang
phan cimg

2. B nhé dém Cache chita mang 1énh va s6 liéu dugce st dung trong thoi gian gén nhét, duoc
diéu khién bang phan cing va chwong trinh. B6 nhé cache dit gitta CPU va bd nhd
chinh.

= Cache trong CPU (cache L1), cache ngoai CPU (L2):

B0 nhd cache chira mot phén ban sao ctia bd nhd chinh. Khi CPU tham nhép vao dir liéu no

dua dia chi t6i b didu khién Cache, sau d6 mot trong hai qué trinh sé& xay ra.

- Tring (cache hit): néu dia chi tim thay trong Cache

- Truot (cache miss): néu dia chi khong c6 trong Cache

Khi trugt mot khéi nhd tir bo nhd chinh s& duge dua vao thay thé cho mot duong (khéi) cua

Cache. Pudng nao s& dugc chon dé thay dya trén hai nguyén ly sau:

- Cuc b theo thoi gian: néu CPU tham nhdp vao mot 6 nhd thi c6 xac sudt cao né s& tham

nhép 6 nhé d6 trong tuong lai.

- Cuc bo theo khong gian: néu CPU tham nhap vae madt 6 nhd thi ¢ xac suit cao n6 s& tham

nhép céc 1€nh va dir li€u dat sat cac vi tri d6 tror 2 tuc ~ lai.

Truong hop ghi vao Cache dit 1iéu s€ dugc ¢ i vao b ni. <hinh, ta phan biét hai truong hop

sau:

- Khi ghi vao Cache thi dong thoi gh” vao bo nhe ~hinh, phuong phap nay goi 1a ghi xuyén

(Write through)

- Khi ghi chi ghi vao b nhd € ~he, dir iyt Cache s€ dugc chuyén vao bo nhd chinh tai

mot thoi diém thich hop s‘u d6 ( du khi c.uyén dir liéu tir bd nhd chinh ra thiét bi ngoai

vi).

Viéc anh xa giita bd nhd Cache . +bo nhd chinh c6 thé t chiic theo phuong phap khac nhau:

- Cache 4nh xa tryc tiép (Direct ma,ping cache)

- Cache 4nh xa lién két toan phan (Full associative mapping cache)

- Cache 4nh xa lién két cum (Set associative mapping cache)

Nbi dung vé bo nhé Cache duge nghién ctru ki hon trong cu triic may.

Clock (CLK)
t
Drata bus
Address bus
Microprocessor Main memory
Cache L2 cache RS
controller (SRAM)
L1 cache
(internal)

Hinh 2.53 Mo hinh hoat dong ciia RAM cache

109



XAy dung cac Hé thong nhiing

3. B6 nh¢ trong (Main memory-bd nhé chinh) chira chuong trinh va sé liéu dang thuc hién
4. Bo nhd ngoai luu trir chwong trinh va s6 liéu voi khéi lwong 16n. N6 ciing chira phan nhé
a0, khi may tinh chay trong ché do dia chi 4o.

Néu danh s6 phan cip theo gi tri ting dan tir trong CPU ra ngoai, ta ¢6 nhan xét sau:
- Thoi gian thAm nhap ctia bd nhé ¢6 mirc phan cip cang thap thi cang nho

tai < tain

- Gi4 thanh tinh theo bit ctia bd nhd c6 mirc phan cap cang thap thi cang cao

Ci > Ci+l

- Dung lwong cta bd nhé c6 muc phan cap cang thap thi cang nho

Si < Sin

2.5.4 To chirc by nhé vat Iy va thiét ké b nhé

T6 chitc bd nhé cho mot hé may vi tinh phy thudc khélig chi vao mot hé cu thé, ma con phuy
thudc vao cach bd tri thuan loi bén trong hé théng. Fi 5c hét, hiy 1am quen véi cac khai niém
chip nhé va tir nhé dé phan tich van dé to chic vau Iy mo. 5 nhé, sau d6 mé rong khéi niém t6
chtic theo quan diém cta nguoi 1ap trinh (t6 che logic). Cac i nhé duge san xuat dudi nhiéu
kich ¢& va dung lugng nhé, t6 chirc tir nhéandc n. w1, phu thude vao thé loai va cong nghé ché
tao. Chip nh¢ 12 mot vi mach cuy thé, dvy h6 tri cac i > <o ban nhu vé dudi. Cac chan ctiia mot
chip nh¢ thong thuong gdm céc 16i 10 clia 2US dia chi, 16i dir lidu, cac chan diéu khién chon
chip, ghi/doc va cac chan ngudn.

Vi du mot RAM tinh 1Kx4 (14 4 “tir, adi tir c6do dai 4 bit:

AD = AD Cacchan dia

01 =04 Cacchan dir lie ]
5 Chan chon chip AB |: 1 18 :l Voo
WE Tidu khién GhiBoc )
Vee Chan nguan nudi +5v a5 ] ] a7
GO Chin ndi dat s [] ] a8
a3 [] ] A8
an [] o7
Hink I8 Sor 38 ndi chen mdi vi mach nhé A1 |: :l D2
RAM 1Exd
a2 [ ] o=
s ] ] o4
GND [|o 10 [] WE

Hinh 2.54 So d6 vé ngodi mét vi mach (chip) nhé (pin-out)
Tuy theo tung chip, ) lugng chan dia chi va ) luong chan dir li¢u co thé khac nhau phu thudc

vao dg dai tir nhé va dung lwong cta chip nhd. Do dai tir nhd cia chip nhé c6 thé 1a 1bit, 4 bits
hoic 8 bits, trong khi s6 chan dja chi c6 thé tir 10 trd 1én tuy thude vao dung lugng ciia chip nho.
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Trong trudng hop d6 dai tir nhé cua chip 14 1 bit, ta cdn phai ghép song song 8 chip dé tao thanh
1 byte, ghép song song 16 chip dé tao mot tir word — 2 bytes).

Ngay nay, v6i cong nghé chip mat do cao, thuong 1 chip nhé c6 thé c6 dung luong rat 16n, vi du
256 x 1 Mb/Chip, 512 x 4 Mb/chip, 1 Gb/chip. Nh& d6 c6 thé tao ra 1 thanh RAM c6 dung lugng
16n nhu PC hi¢n dang sir dung.

Vian d& t6 chirc logic ctia bd nhd 1a mot chuong muc phtre tap vuot ngoai tim cta gido trinh, nén
& day chi néu 1én mot vai khai niém don gian phu hop cho ngudi thiét ké.

Thiét ké vi nhé 1a mot viéc rat quan trong va rat can thiét trong viéc xay dung mdt hé vi
tinh. Céc vi nhd duoc thiét ké thong thuong 1a EPROM, cac loai vi nhé RAM, tir cac chip nhé ¢6
san. Thong thuong, cac chip nhd dugc chon 1 nhimng chip thong dung trén thi trudng, co cac
thong s6 k§ thuat chu yéu sau:

a. Dung lwong nho cua chip nho tinh theo don vi Kbyte
b. PG dai tir nhé ciia chip nhé tinh theo sb bits
c. Mot s6 théng sé ky thudt khdc nhw thoi gian truy xui céng sudt tiéu tan cia chip v.v...Nhimg
thong s6 nay khong cé anh hudng 16n dén qua trinh<niét * va xay dung vi nhé.
d. Qui tdc tinh todn khi thiét ké mét vi (module) < hé:
Xac dinh s chip nho, hoac $6 chip lién thoro de o dugc durg lugng nhé theo yéu cau. Trong
truong hop cu thé cta dé ra, cin 4 chip d#tao dugc av v luong nhé 32KB. Tinh theo cong thue:

M=Q/D, trongdd  Qladurgluc ~cuavinho.

D 13" g lugng ra mdi chip
M 14 s6 ¢ ip nhé heac s6 chip lién thong can thiét.

Xéc dinh sb day dia chi co s¢ (v > 14 ) day dia chi thép duoc ndi truc tiép vao chip nhé hodc
chip lién thong): S6 day dia chi m , 1 thudc vao dung lugng nhé ciia chip nhd hodc chip lién
thong theo biéu thire sau:

2" =D, trong d6 D 1a dung luong cua chip nhdg,

m 1a s6 day dia chi co s

Tir s6 chip hodc sb chip lién thong, xac dinh sé day dia chi can thiét dé tao cac day chon chip
riéng bi¢t. Tinh theo cong thirc:

2'= M, trong d6 i 1a s day dia chi can dé giai ma xdc dinh cdc tin
hiéu chon chip (CSi) cho cdc chip nho hodac chip lién thong.

M 14 s6 lugng chip hodc sb luong chip lién thong.

Céc day dia chi con lai dugc sir dung dé tao tin hiéu xac dinh vung nhé cua vi nhé trong khong
gian nhé (duge gan cho vi nhé theo dia chi dau cta vi nhé theo yéu cau).

Vi du: Thiét ké RAM tinh (Static RAM)
Gia st can xay dung mot bd nhd kich thudc 16Kbyte trén co s& cac chip SRAM loai 16Kx1bit.
Bing nhé SRAM 16Kbyte dugc xay dung trén co so 8 chip SRAM loai 16K x 1bit, dé co dugc 6
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nhd c6 do dai 8 bits (tir nhé co ban). Pé 1am duoc diu nay ngudi ta sip dat 8 chip SRAM loai

16K x 1bit sao cho mdi chip tai mot vi tri xac dinh s& ddm nhiém luu trit bit dit lidu c6 trong $6
tuong ung trong byte dir licu.

Céc duong tin hicu :

A13 - A0 BUS dia chi, du cho 16K (16383) dia chi

CS: Tin hiéu chon chip. Néu CS = 0 thi truy nhap dugc chip

W/R: Tin hiéu diéu khién ghi/doc. W=0 (W/) diéu khién ghi, dong thoi diéu khién cac vi
mach 3 trang thai theo cac chiéu In/Out

Chon biang nhé can thém A14, A14=0 chon bang thu nhét, (A14=1 chon bang tht 2).

DI r<s
Ald
As—- Ay . .
i3t Ma tran cac bit nhe
—> Gr'ma K—> 128 héng v 128 _
ebt2 x2' Dy Ao 16Kx1
—’ PR
WR
¢\ |
|
s ot b ‘ ‘
Logic
WR | Gber NI DI DO
G 0 cft

Hinh 2.55 So d6 khoi chirc nang bén trong chip 16K x 1 bit
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Ald —
C3 Cs cs
BUS
dia chi Al3 Al3 Al3
— 0 R — 1 | 7
! I !
AD | AD AO
TR WR WR
DI I’]D DI DO .......... DI m
BUS 7
div Do oo m D7
ligu
: np ————— 0
2, L
chigu | h
o7

Hinh 2.56 So do thiét ké bang nhé SRAM. 16K x 8, voi Chip 16Kx1

Vi du thiét ké RAM dgong (DRAM )
DRAM dung phuong phap don kénh dé nap1an .t (2 lan) di. chi hang va dia chi cot vao dém
dia chi. So do thoi gian dudi day cho thay nhing luu _ “hi thiét ké véi DRAM.

Pin Configuration Pin Names
NC [ o (] Ves Ap— A; | Address inputs
o]| |: 2 <[] CAS CAS Column Address Strobe
WE I: 3 14 _| DO DI Data In
RAS (4 13[7] Ag NC No Connection
Ag 5 120 As DO Data Qut
A, 16 1] Aq RAS Row Address Strobe
A 7 107 As WE Write Enable
v []8 9[] A, Vee Power Supply (+5V)
Vss Ground {0V}

113



XAy dung cac Hé thong nhiing

Clock write
ARE — Ger;r:mr a Il -— WE

Clock
—_— ! }—=——1. Generalor
LA — . Mo.2

4 <
— Data In —_—
I —
! Column Address Decoder f— Buffer
\ Dumamy Cells
ﬂ.. ==y |1 _! o et —
Ay - e e— - : | |
. A
Ay = % g B : l JIK Memary Array i |
:] t.. 9 : E 254 Sense Refresh ‘I-IF'_-‘,_—Q\ D;:ﬂs:* L oo
£l E B . —
v R i 2 : 32K Mer - '
N ] & ] g . Voo
o g Generator

ey Cels 1 | ‘

Hinh 2.57 So do khéi chir’ ne = ciia 1 chy, IRAM thwong mai 4164Kb

Tin hi¢u diéu khién :

- RAS/: khi RAS (Row A =ss S trobe) tich cyc thi dia chi hang dugc nap (chdt lai).

- CAS/: khi CAS (Column A¢ -=ss Strobe) tich cyc thi dia chi cdt dugce nap (chét lai).

- WE/: WE = 0 diéu khién ghi c1. j, WE = 1diéu khién doc chip.
Viéc xay dung bd nhé tir cac chip DRAM dugc thyc hién gan twong ty nhu véi SRAM, tuy
nhién phai thiét ké mot logic diéu khién dé tao cac tin hiéu RAS/ va CAS/ bén ngoai, sau d6 ndi
td1 cac chan RAS/ va CAS/ cua chip.
Vi du liay DRAM MK 4164 1a DRAM 64K bit trong 1 Chip. Gia dinh s& thiét ké RAM cho CPU
8085 voi RAM tbi da 64 KB, s& can 8 Chip. Khi thiét ké can tham khao tai lidu dic ta ciia Chip
DRAM, nhu di néi DRAM phiic tap hon khi thiét ké.
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Addresses

Al

o

Hinh 2.58 Quan hé ~2 1 hiéu au. khién DRAM 4164x1 thwong mai.

DRAM 4164 c6 dung lwong 64 r. i chip, duoc t6 chirc kiéu ma tran gom (256 hang x 256 cot).
DPé chon mot bit trong ma tran can  .dia chi & vi tri hang va cot dugc hai bd giai ma hang va
giai mi cot xac dinh. Pau vao cho md: bd gidi ma can 8 bit dé co 256 dau ra, vy ta s& phdi hop
cac day dia chi tir CPU 8085, bao gom A7-A0 cho hang va A15-A8 cho cot. CPU phat dia chi
vao vi mach don kénh SN 74257, dau ra lan lugc s& 1a A7-A0 chdt vaio DRAM bang xung RAS/
A15-A8 bang xung CAS/. Khi thiét k& Mach logic diéu khién tao RAS/ va CAS/ va WE can sir
dung cac tin higu diéu khién tia CPU phat ra. Dé c6 dugc 64KB, can 8 chip noi trén.
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_?_r\Aﬂ-AT

ADT - ADO T-Al
ADDR
A15-A8 A1 5-A8

RAS/ & Chi
— | Select 1

|
|
| [SCASH | IDRAM
i —[11641-;1
i
CPU 8085 MUX |
16 vao->/8 ra
(2xSN 74257) |
|
ALE i
ROV "h—p- Mach Logic
WY A diéu Hhiél‘l
~ | tao CASI,
10/M RAS!, WE!
RDY I

Hinh 2.59 CPU 84 30/80c Module DXAM 64 KB todn phan

d)  Thiét ké ROM/EPT OM
Trong tit ca cac hé may vi tinh, 4 phan khong thé thiéu 1a ROM/EROM/EPROM, véi chirc
ning luu cac phan mém khong du¢ mat di khi mat dién. Cac phan mém nay tly vao linh vuc
mg dung may vi tinh, c6 thé 1a :
= Néu la mdy tinh van ning, nhu PC, s& 1a chuong trinh BIOS (Basic Input Output system)
¢6 chtrc ning luu cac device driver, cac thong sd khai dong cac vi mach diéu khién cac
thiét bi ghép ndi vao PC trén bo mach chu hay qua cac slor md rong, cac routine,
subroutine, ... va phan ma khoi déng Hé diéu hanh tir thiét bi ngoai.
= Néu la cic thiét bi dién toan, vi du nhu HTN, ... thi chtra phdn mém hé théng diéu khién
thiét bi va ing dung dic thu ma thiét bi xir 1y. Nhu di dé cap cac loai phan mém & day rat
da dang.

Vi du: Xdy dung module ROM cé dung lwong 32KB, sit dung Chip 2764 8K x 8 bit, dia chi dau
la 20000hex. Chuong trinh ung dung nap vao module nay.

Thiét ké mot ROM, loai 2764 (8Kx8bit), Vi mach 2764 c6 thoi gian truy xuét vao khoang 250ns
phil hop véi cac bo vi xtr 1y toc dd cao nhu Intel 8MHz 8086-2 trong hé théng nay 2764 hoat
dong khong yéu cau trang thai "doi" ( Wait state ). Vi mach 2764 hoat dong trong ché do du

116



XAy dung cac Hé thong nhiing

phong (standby mode ) cho phép giam céng sut tiéu tan ma khong ting thoi gian truy cap .
Dong dién khi hoat dong 1a 150mA khi & ché do du phong la 35mA giam 75%. Vi mach 2764
duoc thiét ké ché tao dua trén cong nghé HMOS -E tdc d6 cao, kénh N.
Mach td hop logic giai ma chon dia chi viung duoc thiét ké dua vao thong sb dia chi dau
ctia vang nhd, d6 1a cac bit nhd cao nhit, c6 gia tri cu thé va khong thay doi trong toan bd qua
trinh truy xuat dén cac vi tri nhd trong vi nhd.
Mach t6 hop logic giai ma tin hiéu chon chip nhé ¢6 dau vao la céc bit dia chi tiép theo ké tir cac
bit dia chi doc 1ap (ttc 1a cac bit dia chi dwoc nbi truc tiép vao cac chan dia chi cta chip nho). S&
luong bit dia chi la 161 vao ctia mach nay phu thudc vao $b lugng chip nhé hodc $6 luong chip
lién thong tao nén tir nhé co ban, tudn thi cong thirc 2 = M.
Dé truy nhap vao 8 K dia chi /chip can 13 dudng dia chi, tir A12-A0
Pé truy nhap vao mdi chip trong 4 chip can 2 day dia chi: A14-A13
bé xé4c dinh vung dia chi can 5 duong dia chi: A14-A19 cua IMB dau tién
CPU x86 sir dung 20 day dia chi cho 1 MB dau tiér:A19 — AO:

A19

Al8

Al7 | Al6 | A15 | Al14 | A13 | A12 | A1l | A10. A A8 | A7 | A6 | A5 | Ad | A3 | A2 | Al | AD
0 0 1 0 0 X X X X 'S X X X X X X X X X X
Gia tri =1 1a co dinh, gia tri =X thay d6i (0 ha'/ 1)
—
& Dy + Do
OE
—
Lo i

b d=
Atz O
AT O
L=
A5
A4 O
A30
Az g
A10
A0 0
ood
o010
ozQ
GHD O

o= A R B s

So 4 ndi ehiin
chig nhe ROM
27E4

freeeeee
oUuTEFOT ENAELE
OE— o ewaEr [
&ANT
TT.¥OM —s  ppog, Lo@mc *  oomorEUrFER
A - 412 - ks —
ADDRESS | — DECORDER W GATING
INFOT
—
_— ® BAK- BT
— DECODER CELL MATHX
=
—

DATA QUTROTS
no- o7

Hinh 2.60 Chip ROM 2764 thuong mai

117




XAy dung cac Hé thong nhiing

Dia chi khi truy nhdp module RAM nay:

Chip # Pia chi dau Dia chi cubi Dung lugng
Co 20000 21FFF 8K
Cl 22000 23FFF 8K
C2 24000 25FFF 8K
C3 26000 27FFF 8K

Giai ma tht nhat c¢6 5 dau vao tir A19-A15 va 32 dau ra chon vung dia chi. Vo1 gié tri: 00100 ,
chon ving dija chi yéu cau (20000-27FFF)hex = 32 K, s& c6 dau ra cho phép giai ma tha 2 hoat
dong. Giai ma thu hai dung A13-A14 tao ra 4 CS/ chon 4 chip, trong khi A12-A0 chon 6 nhd
trong moi chip:

Chon vung Chon chip | Chip dugc chon theo
A19.A18.A17.A16.A15 Al4 Al3 Aldva A5 Al12A1L................
A0
0 0O 1 0 0 0 0 CO(cK byte 1) 0....
0 0 1 0 O 0 1 . ‘SK byte the 7
0 0 1 0 0 I 0 /| C2c bytethu3)
0 0 1 0 0 1 4 . C38Kvu w«third)
Tir
BuUS
dia chi
BUS dif ligu
Az = D- = Do
RD
A A Mach té hop logic gidi mé tao cac tin higu chon chip
Tt T3, €5, TS, va TS,
+ Tinn £u cho phép mach gidi ma chon chip nh

A = A Mach t& hop logic gidi
— mé chon dia chi ving

Hinh 2.61 So do thiét ké ROM 32KB tir 4 Chip 2764
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Véi cac ¥ tuong nhu trén c6 thé thiét ké cac loai bd nhé can thiét cho moét HTN. Diéu luu ¥ chi
la:
v Loai bd nhé nao (ROM hay RAM) s& dung va dung cho muc dich gi (BIOS, HPH hay Dir
liéu,Ung dung).
v/ Khong gian dia chi s& ding tir dau dén dau trong toan bd khong gian dia chi ma CPU cho
phép.
v Céch truy nhap RAM cua loai CPU sir dung (tuyén tinh, phan doan, phan trang, tro truc
tiép, tré gian tiép qua cac thanh ghi ).

Vi du sau déy 1a phan hoach dia chi bé nhé & mega dau tién (0000:0000 — 10000:0000) trong
PC chuan:

Extendedl
Wemory
T1000:0000 108EK - {1MB
HMA {High Memory ‘ and up})
A10000:0000 1024K y N .
PC L2
System BIOS System &
FOO0:0000 960K ‘GA BIOS
EQOO:0000 86K Free
Avai’. ~for drivers .
DOO0:0000 §3I2K EF s pay “rame UMA
CROO:0000 BOOK [ {Upper
~a, VGA Bi. Memory
COo00:0000 TEEV Area)
y @ maile
BCO0:0000.~ I —— up of
: UMB=
-GA Graphics
Eaas | feries | Uper
“ fext I Memory
{mono) Blocks)
BERO0:0000 TIGK [
B400:0000 T20K
MDA

BOO0:0000 TO4K

A0DO:0000 610K EGA, VGA Graphics

Convemntional
Memory
{0-630K)

APPLICATIONS

COMMAND.COM
D000:0000 0K & DOS imterrupt vectors

FMemory Allocation in a PC

Hinh 2.62 Vi du vé cich phdn bo bo nhé trong mdy tinh PC
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Trong d6: F000:0000 dén FOO0:FFFF cho BIOS (64K cao nhat),
bia chi sau RESET: CS:IP=FFFF:0000 (tic FFFFO0) Ia I¢nh déu tién thue hién (JMP RESTART ¢
F000:E05B. Pia chi FFFF1 dén FFFFF danh riéng 16 byte cao nhat cho CPU.
Phén Extended (tir 10000:0000 trd 1én) 14 ngoai MB déu tién véi A20 kich hoat !

PC-DOS and MS-DOS memory map

‘ Figh memary

‘segment ‘uﬂ'set ‘si:e ‘cuntents

0000k 0000 (1024 terupt vector tale

| 0400R 172 BIOS commuicaton aea
| (4ACHER  peserved by BM

‘ ‘04P0h ‘16 ‘user cotmcation area
| 10500k 256 [DOS conmiceion area

06000 [vanies japerating system.

[BMEIO COM (DO3 mterface to the BIOS)

[BMDOS. COM (DOS mterrupt handlers and # seupt 2. rwice routines

DOS bufers, control areas, and device dr =13

COMMAND. COM (restdent portie), mter. 72k, 23h, and 24k _andlers, routine to reload transtent portion of COMMAND COM
metmory-resident utities

transient appheations

transient portion of Gure tND.CI of

‘9000h ‘PFPPh‘ ‘highest address of user memory '

A000h 10000k (128K peserved aea of ROM

A000h 0000k | begiming ofarea vsed by EGA and PSJ2 video sytems
BOODE 0000 4000 monochrome video mermory

‘ ‘0800h ‘16K ‘color graphics adaptor (CGAJ wdeo memory
(CO00h 0000k [192K ROM expansion and conrol area

| RIOh | ROMfor hard sk

‘DOOOh ‘ ‘ ‘ROM expansion and control area

‘EOOOh ‘ ‘ ‘ROM expansion and control area

FO00b 0000k 168, feserved ROM

| 4000k 40K pase system ROM, ROM BASTC

| B0 BK ROMBIOS

‘ Iow memary
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2.6 GHEP NOI VOI THIET BI NGOAI VI

Nhu céc phan trén da dé cap. Sau khi d3 thiét ké phan trung tdm cua HTN véi CPU, RAM, ROM
va vi mach tao cic cong dé giao tiép vai thiét bi ngoai, phan nay dé cép téi cac nguyén li co ban
ctia ki thua ghép ndi va cach tao ra cac module ghép ndi hop nhét trén bo mach chinh hoic kéo
dai qua BUS mo rong.
2.6.1 Tong quan
Trude khi di vao chi tiét, can biét mot s6 khai niém co ban cia ki thuat ghép ndi.
=  Cac phuong thirc dia chi cia CPU:
Cac CPU thong thudng c6 2 phuong thirc st dung dia chi, d6 1a dung dia chi dé truy nhap
vao bo nho, thong qua cac 1énh may lién quan téi by nho, va mat sb rat it 1énh dic biét dé
truy nhép vao cac thiét bj (vi mach kha trinh) dé gdi cac ma diéu khién t6i cac thiét bi do.
Trong trudng hop nay, CPU truy nhap vao thiét bi theo cong (port).
= Cong (port) dugc CPU gan cho mot hay vai dia chi. CPU c6 thé “ nhin” cong nhu bo
nh¢. Trong trudng hop ndy, ngudi thiét ké phai 4ui hoach khong gian dia chi ciia bo nhd
v6i mot ving dia chi danh riéng cho cac thiétor. udong hop thir hai, CPU “nhin” thiét bi
qua cach gan dia chi danhf riéng cho corg. Xhi tie, »4n cong, CPU c6 mot vai 1énh dic
biét dé truy nhap. Dia chi danh cho cotig . Ang nam trc g khong gian dia chi cho bo nho.
= Cich dia chi héa cong:

v" Theo dia chi b nhé (e, ~ry mappea mput/Output). Qui hoach bd nhd sé co
mot vung dia chi danh cho thic bi. Truy nhép céng su dung tat ca lénh qui chiéu
vao bd nhd. Diéri'yéu  ban ciia auong thirc nay la: khong gian bo nhé bi co lai
mot phan, diéd 1. - dic oiét bat 1gi véi cac CPU c6 s dia chi cho bo nhé gidi han,
thoi gian truy nhap « g lau hon do cac 1énh bo nhé can nhiéu CPU clock hon.

Vi du véi CPU c6 16 ¢ .y dia chi (CPU 8080/8085), khong gian dia chi cho bd
nhé ti da 1a 65.535, hay 64KB, hiy xem phan hoach sau ddy dé hinh dung moé ta
cua Memory mapped Imput/Output:

Thiét bi Phan b6 dia chi | Kich thuédc
RAM 0000 - 7FFF RAM 32 KB
Cho cac cong sé& dung (I/O ports) 8000 - 80FF 256 bytes
Sound controller (I/O ports) 9000 - 90FF 256 bytes
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Video controller/text-mapped display | A000 - A7FF 2KB
RAM
ROM C000 - FFFF 16 KB

v’ Theo dia chi cho thiét bi (Imput/Output mapped Input/Output). Phuong thirc nay don
gian va truy xuat nhanh. Céc 1énh dién hinh ¢6 ¢t phap nhu sau:
Cho CPU 8080/8085: IN [dia_chi_port in ]
OUT [dia_ chi_ port_out]|
Khi thyc hién 1énh, [dia chi port] s& dit trén ca AD7-ADO va A15-A8 va déu giéng nhu
nhau (doublicated). 8080/8085 chi cho tdi da 256 cong.

Véi CPU x86, ding 16 bit cho cong, do d6 s6 ciag sé rat 16n (65.535 cong). Dir lidu trao
d6i co thé 8 bit/lan hay 16 bit /lan.
Lénh doc vao/ghi ra thudng két hop vai ¢z doi AX ve DX (hoic EAX va EDX). Trong d6
src thuong 1a DX chta [dia_ chi_port.in). v [dia_ ch _ port out] va des thuong la AL
hay AX chira dir liéu doc vao ha? ghi ra tu % cong ghép ndi. Trong ché do bao vé
(protected Mode hay Kernel Mude), »guoi dung oinh thuong khong st dung dugc 1énh
IN/OUT.
Lénh thuc thi: I’y des, rc
O " dzs, src
Vi du cong chuan che o mach va ngoai vi chuan sir dung trong PC:
I/0 address range Device
00 — 1f First DMA controller 8237 A-5
20 — 3f First Programmable Interrupt Controller, 8259A, Master
40 — 5f Programmable Interval Timer (System Timer), 8254
60 — 6f Keyboard, 8042
70 —7f Real Time Clock, NMI mask
80 —9f DMA Page Register, 74L.S612

87 DMA Channel 0
83 DMA Channel 1
81 DMA Channel 2
82 DMA Channel 3
8b DMA Channel 5
89 DMA Channel 6
8a DMA Channel 7
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Refresh

a0 —bf Second Programmable Interrupt Controller, 8259A, Slave
c0 —df Second DMA controller 8237 A-5

0

fl

8 — ff
fo — 15

8 — ff
100 — 10f
110 — lef
140 — 15f
170 — 177
110 — 1£7
200 — 20f
210-217
220 —233
278 - 27f
280 — 29f
2b0 — 2df
2¢8 — 2ef
2el

218 — 21f
2e2 —2e3
300 - 31f
300 - 31f
300 - 31f
320 - 323
330 -331
340 - 35f
370 -377
378 - 37f
380 —38¢
388 — 389
3a0 — 3a9
3b0 — 3bb
3bc — 3bf
3c0 — 3cf
3d0 — 3df

Clear 80287 Busy

Reset 80287

Math coprocessor, 80287
PCjr Disk Controller

Reserved for future microprocessor extensions
POS Programmable Option Select (PS/2)
System I/O channel

Secondary SCSI host adapter

Secondary Parallel ATA Disk Controller
Primary Parallel ATA Hard Disk Controller

Game port
Expansion Unit

Sound Blaster and most othes soun. rards

LPT?2 parallel port

LCD on Wyse 2108 P SM. Elite defanit factory setting
Alternate Enhance’ Graphics A oter (EGA) display control
COM4 serial pict

GPIB/IEEE- * Adapte:

COM2 « +ial po .

Data acqui. “on

Prototype Carc

Novell NE1000-compatible Ethernet network interfaces
AMD Am7990 Ethernet network interface, irq=5.
ST-506 and compatible hard disk drive interface
MPU-401 UART on most sound cards

Primary SCSI host adapter

Secondary floppy disk drive controller

LPT1 parallel port

Secondary Binary Synchronous Data Link Control (SDLC) adapter
AdLib Music Synthesizer Card

Primary Binary Synchronous Data Link Control (SDLC) adapter

Monochrome Display Adapter (MDA) display control
MDA LPT parallel port

Enhanced Graphics Adapter (EGA) display control
Color Graphics Adapter (CGA)
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3e8 — 3ef COM3 serial port
310 — 317 Primary floppy disk drive controller. Primary IDE controller (slave drive)
(3F6-3F7h)
318 — 3ff COM1 serial port
cf8 — cfc PCI configuration space
Ghi nhan trang thai

Ghép ndi 12 ki thuat thich itng va dong bé hoat dong trao doi thong tin gitta CPU va thiét
bi ngoai vi, bao gdm thich hop dang tin hiéu (bién ddi, qui d6i mirc ning lugng...) theo
chuan TTL cta may tinh. Qua trinh nay thuan tay 1a thiét ké dién tr (sé-s6, analog-so-
analog, sé-analog). Pong bd hoat dong c6 thé thuc hién theo cach dién giai trinh tu sy
xudt hién cuia céc tin hiéu diéu khién theo thoi gian, hay thuc hién két hop v6i phan mém
diéu khién. Viéc khao sat thong tin vé trang thai hoat dong cta thiét bi 1a rdt quan trong.
Thiét bi ¢ thé san sang hodc khéng/chwa san sang+rao doi dir liéu. Dé ghi nhén ta goi d6
1a théng tin trang thdi thiét bi , dugc thé hién ki mot loai tin hiéu mang théng tin trang
thai. Qui trinh khao sat trang thai trudc kb thu. “ién trao ddi dir liéu goi 1a “bat tay”
(“hand shaking”) va dugc thé hién treng chuwong «inh diéu khién thiét bi (“device
driver”).
Mb hinh ghép ndi vao/ra
Mo hinh ghép ndi baos6m ‘< thanh ph.a sau dy:
= Ghép ndi thyc hién.==a BUS h, hdng hay BUS mé rong, goi chung 1a BUS
= Sir dung cac vi‘mach hich tmg .¢ ghép ndi giita BUS va thiét bi ngoai (latch
SN74773, SN 7-. 14/_45, Flip/Flop Type D SN 7474, giai ma SN 74138, gate
SN 7400, 3-state Si 74125, open collector SN 7403 .... . Cac vi mach nay tao
thanh “cong” dé dir lie . trao d6i gitra CPU va thiét bi di qua lai. CPU truy nhap
vao cac céng dé thuc hién déng bd qui trinh trao ddi dit liéu.
= (Cac thiét bi ngoai, ghép vao bo mach may tinh, cung cép cac tin higu can thiét dé
thuc hién ghép nbi ki thuat.
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day dia chi
[ ) 4—Status
Bo vi xt i trung Ghé £
. ok . ep noli STROBE——p
tam L_Ha thong dwéng! ol g
(CENTRAL | day diéu khién vaolra Thiét bi
PROCESSING | (CONTROLBUS) (lIO) ngoéi
UNIT -
) x4 . DATA infout
day div ligu (DATA
Hinh 2.63 MG hinh ki thudt ghép noi
Piéu kb™ 'n ghép néi
v. ‘ra
CPU chu déng ‘ Thié. ‘cha déng
\ \ \ \ Hén
y - A hop
A -6 dn Truy nhap
C‘I’(.‘?'e” ‘ “ién (d i Nc,at bd nh& truc
ien F By
‘ “oa’, tiep

Dinh 2.64 Cdc kiéu ghép noi

2.6.2 Ghép ndi CPU chii dong
Vao/ra do CPU cha dong con goi 1a vao/ra diéu khién bang chuong trinh dugc chia thanh hai
nhom:
Vao/ra sb liéu bang chuong trinh khong diéu kién
Vao/ra sb lidu bang chuong trinh c6 diéu kién (handshaking-dbi thoai)
a) Vao/ra so ligu khong diéu kién, diéu khién bang chwong trinh
Vao/ra sb liéu khong diéu kién c6 cac dic diém nhu:
- CPU chuyén sb liéu thong qua chuong trinh
- CPU gia thiét TB vao/ra ludn san sang chuyén sd liéu
- Dir 1i€u doc vao CPU qua céng sau do luu lai o bo nhé cho cac xu 1y tiép theo.
- Viéc chuyén sb liéu duge thuc hién gitra cac thanh ghi cua CPU (ACC) va thanh ghi
(cong ghép ndi) cua TB vao/ra, sau d6 luu lai o bd nhé cho cac xtr 1y tiép theo.
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Bo nhd < [CPU ACC] ¢ [ Cong ] < [Thiét bi]

BUS dia chi > WitD-‘
CPU )

Poc vao:

(=)

Thiét
bi

BUS dir ligéu sta

P
=

T T2 T3

CLK \IL /7 \—/7\
ADO — AD7 :X :hli:i;?ga; :>(___ jfnrr ligts doc tir céng ><
AB-ATS :>< 8 K K :chi céng I, _:.,.; X

ALE /—\
RD/ _{;\ /—’ —

10/M/, 50,51 I i 2IMI=1 S0=0 S1=1
|

CPU 8085 Chu ki doc /O

Hinh 2.65 DPoc dir liéu va .: Dir liéu_twr thiét bi vao ACC sau d6 vao RAM

Vi du ung dung: Khi kiém soat nhiét do, thiét bi nhiét ludn co6 s liéu dé do va xir ly. Trong
truong hop nay ghép ndi voi thiét bi nhiét tré nén don gian.

Tuong tu cho mo hinh dua dit li¢u ra thiét bi.

Lénh thuc hién: IN [port_in] hodc IN AL, [dia_chi port_in]

Cac buoc thuc hién:

- CPU dua ra BUS dia chi dia chi cong port_in cho giai ma, tao CS/ mé port_in.

- CPU dua ra BUS d/k tin hiéu IORD

- S6 liéu tir vi mach 3-state chuyén vao BUS dir liéu va duéi tac dong cia tin hiéu IORD/ va

dugc dua vao ACC cua CPU qua port_in 3 trang thai.

- Thyc hién chuyén ACC vao RAM.

Dua ra:

Lénh thuc hién: OUT [ port_out] hay OUT [ port out], AL
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BUS dia chi > c”.!.iD—‘
CPU L =5
o ]
Thiét

\Lﬂtch bi

BUS dir ligu / '

OE |« RD/
Port_out
T™ T2
CLK

%

ADO — ADT

8 bit dia
chi cong

>

\__

nVa
) U,

" /Dir ligu doc tir céng

X

AS-A15 :>< 2 bit » chicdng | .p Li
ALE ! !
,f ™ /]
VWR
N
= Vo L
1o/, S0.51 1O/ =1 S0=1 S1=1
P L

Cac buoc thuce hién:

CPU 8085 Chu ki ghi /O

Hinh 2.66 Pua dir liéu tir RAM vio ACC sau dé ACC ra thiét bi

- CPU dua ra BUS dia chi dia chi cong port_out cho giai mé, tao CS/ mo
- CPU dua dir liéu can ghi ra BUS dit liéu

- CPU dua tin hiéu IOWR/ dé chdt dir liéu, dudi tac dong cta tin hiéu IOWR/ s6 liéu dugc

ghi vao thanh ghi chdt, tir d6 thiét bi nhan dir liéu vai tin hiéu RD/ ctia thiét bi.

Ghi nhén can ban ¢ day 1a CPU & vi tri trung gian cta qui trinh nhén hay géi dir liéu. Chi phi
mot céng cho mdi cdu hinh. Mdi 1an trao ddi 1 byte. Co ché nay co6 han ché vi CPU ra lénh doc
(IORD) hay ghi (IOWR) ma khong kiém tra xem thiét bi vao/ra c¢6 san sang giri hay nhan s liéu
hay chua do d6 khi Gmg dung can phan tich hoat dong cua thiét bi dé co giai phap ghép ndi diing

muc dich.
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b) Vao/ra sé liéu c6 diéu kién, diéu khién bang chwong trinh

Khi ghép nbi v6i cac thiét bi ma thiét bi d6 can c6 thoi gian dé hoan thanh mét xtr 1y (tac vu),
trong qua trinh ghép ndi, CPU cin c6 ghi nhdn trang thai sin sang cua thiét bi dé danh gia va ra
quyét dinh tiép theo.Qua trinh kiém tra trang thai doi khi phai thyc hién mot vai 1an trude khi
quyét dinh tiép tuc hay tir bo trao ddi dir liéu véi thiét bi. Tai sao ? Néu thiét bj lam viéc tot, moi
chuyén troi chay, nhung néu thiét bi hong héc, chuong trinh diéu khién khong thé ctr chd thiét bi
san sang mai dugc, chu trinh phai két thic. Qui tac nay goi la di thoai, hay moc ndi c6 diéu kién
la vay. V& mat thue hién, & day can it nhat 2 céng: 1 céng dé doc trang thai thiét bi, céng kia dé
trao doi dit liéu vao hay ra. Trang thai thong thuong ¢ mutc dd don gian chi can 1 bit dé thé hién,
vi du STATUS=1, thiét bi sin sang , va nguoc lai. Tuy nhién c6 nhiéu trudong hop trang thai co
thé 1a tap hop cta vai bit. Vi du khi ghép voi cong truyén thong di bd (UART), c6 dén 5 bit phan
anh trang thai cia UART. C4c bit trang thai duogc ndi vao BUS dit liéu qua cac mach 3-trang thai
va dugc diéu khién bang Iénh.

Poc vao cé doi thoai:

BUS dia chi r\‘ csil 1_3

CPU o

Port_status

Port_in

Hinh 2.67 Trao déi dir lidu doc vdo cé diéu kién

- Can CS0/ dé doc trang thai READY cua thiét bi qua port_status, gia dinh ndi vao DO cia
BUS dit liéu.
- Can CS1/ dé doc dir liéu qua port_in, hop thanh tir Flip/flop, cong 3-state, nbi vado bit
DO cua BUS dit liéu.
Cac buwoc thwce hién:
- CPU dua dia chi port_status ra BUS dia chi, vao gidi ma, tao CS0, doc STATUS,
gia tri 6 bit READY tai DO. (IN port_status)
- CPU kiém tra gia tri cia READY.
- Néu READY=0, quay lai doc STATUS
NEuREADY=1, CPU doc dit liéu vao ACC (IN port_in)
- Thuc hién 1énh cit dit liéu vao RAM
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- Luu d06 diéu khién:

START routine:
C2=n2

C=n1 <‘llli=li|l’}

v

Poc STATUS
Port_status

C...sb dém lan kiém
S, tra trang thai t/b
Boc di¥ lieu_ C7 .sb byte trao dbi
Port_in, /Gi t/b
Chuyén di liéu vao
RAM

!

C2=C2-1

N SN

N

Hinh 2.68 Luu  diéu khién doc dir liéu va cé diéu kién

BAI TAP:
1.Pua ra cé doi thoai:
Thiét ké mach ghép néidwea dit liéu ra;

Viét chwong trinh diéu khién qud trinh dwa dit liéu ra.

¢)  Quay vong (polling)
Trong phuong phap vao/ra co ddi thoai, néu thiét bi vao/ra chua sin sang nhan hay giri s6 liéu thi
CPU phai chd cho thiét bi san sang. Noi cach khac phuong phap niy gay lang phi thoi gian cia
CPU. Khi hé théng c6 nhiéu thiét bi ghép vao, can cé chién thuit dé giam tdi da thoi gian cho
trén mot thiét bi. Cach don gian 1a  dung phuong phap quay vong dé hoi trang thai cac thiét bi
vao/ra. V& nguyén tic chi hoi 1 thiét bj mot 1an, néu thanh cong, thuc hién trao dbi dir liéu, con

129




XAy dung cac Hé thong nhiing

khong chuyén sang thiét bj khac. Chuong trinh sé& t6 chirc véi nhitng qui t tdi wu nao do, vi du
nhu bét dau véi thiét bi co nirc vu tién cao nhét va giam dan.

Thwc hién lénh CALL:
START Polling routine:

A

Call Service routine

Thiét bi #1 READY ? thiét bj #1

A 4

A

Call Service routine

Thiét bi #2 READY ? > thiét bj #2

|

|

|

v

| Service routine
Thiét bj #n READY 7 — > iét bj #n
./

/ “hac

[ pollin_ thwc
hién' :nh
PETJRN()

Hinh 2.69 Lwu dc“éu khién doc dir liéu kiéu quay vong

2.6.3 Ghép ndi I/0 chii dong
a) Ngat (Interrupts)

Nhitng han ché ctia phuong phép vao/ra bang chuong trinh duoc khic phuc bang phuong phap
vao/ra bang ngit. Trong phuong phap nay thiét bi vao/ra chi dong khoi dong qua trinh vao/ra sd
lidu. Khi sir dung voi co ché ngit, phai quan triét y tuong vé ngat khi gan cho thiét bi, d6 1a thiét
bi s& c6 nhu cau trao d6i dir liéu, tuy nhién thoi diém nhu ciu d6 xuat hién thi khong thé biét
trude duge. Do chinh 1a vu diém vuot troi ma ngét mang lai: Thiét bi chu dong vao bat cur luc
nao, CPU khéng bi rang budc véi thiét bi, do d6 chi phi thoi gian nhu phuong phap CPU chu
dong giam di rat nhidu. Ngit con mang mot y nghia khac d6 13 tinh tirc thoi néu coi ngat 1a biéu
hién ctia mot sy kién. Trong cac HNT nhung véi xir 1y theo thoi gian thuc, day chinh 1a diém chii
yéu. C6 hai hinh thirc ngét, thong thuong véi thiét bi, ta n6i dén ngat cing, tirc 1a ngt tir mot tin
hi€u phat sinh tir thiét bi. Ngoai ra con cé khai niém ngét mém, st dung mot nguyén 1i ma hé
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diéu hanh hd tro thong qua 1énh may tinh, giup tao ra su chuyén xir Iy (chuong trinh) tam thoi
dén mot xu 1y dot xuét. Xét vé xur 1y thuan tdy, ngit cing hay ngit mém déu co tac dung nhu
nhau.

Ngit cirng hay quay vong ?

Loi thé cua ngit cung 1a thoi gian sir dung CPU rat hiéu qua, CPU phan tng tirc thi khi ¢ ngt,
trong khi ding hoi dép quay vong (polling) chi phi ngiéu thoi gian cia CPU. Ngit cho nhiéu giai
phap phan tmg ctia CPU vdi cac sy kién bén ngoai. Tuy nhién, tao va xtr li ngit phirc tap hon va,
trong khi viét trinh cho polling don gian hon. Mot trong cac tng dung quan trong cia HTN 1a
ché do standby va danh thirc bang wake-from-sleep interrupt. Another benefit of using interrupts
is that in some processors you can use a wake-from-sleep interrupt, dic biét khi hé nudi bang
pin.

Cac khai niém véi ngit:

ISR Interrupt Serviee Routinn. Dich vu ngét: ma xu li
cho ngat.

Interrupt vector Dia ¢’ 1a ISR trot,, %4 nhd hé théng.

. makiém 4t.cho phép hay cAm mot ngit
Interrupt mask A
hoat iong

NMI N s khong thé kiém soat dugc, ludn hoat dong.

Su kién co6 thé xay ra bat ki thoi diiémm nao, co
Asynchronous event | | x o
tinh ngau nhién.

Qui trinh bao v¢ / khoi phuc ndi dung céc thanh

Context switching |ghi ctia CPU, hay dir li€u trude / sau khi xtr 1i
ngit. Poan code niy nang trong code cua ISR.
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Interrupt
Sources
PIM —] commermmmm e ee o
PAM —] --rmrmmmm e ee o
Indernal

Nguon phat sinh ngit (Input sourc )
La cac tin hiéu ngét tir cac thiét bi tron 2 hay ngoai bo mach, vi du tr ADC/DAC, tu UART , tir
cac cong ghép ndi, DMAC ... céc tin hiéu c6 thé kich hoat dang mtc (level) hay suon 1én hay

Interrupt
Mask
INTH
o |-
INT2
o |-
NTs | [T
INT4 ]
INTS
—J g |-
Interrupt
Flag
INT1| | store J
INT2 &
INT3" | wiore ||
NI tore
INTS [ | st '
L 1

iy

Interrupt Vector

trigger

To processor
TeadWrite

Hah 2.70 M6 hinh oat déng cia ngit

xudng cuia tin hiéu ngét (edge). CPU phan tmg véi tin hiéu qua lap trinh.

Co trang thai ngit (Interrupt flags)
M&i ngat két hop vai cd, chi can 1 bit, bdo trang thai cuiar ngit d6. Cac bit thuong tap hop trong
1 thanh ghi co ngit (interrupt register hay interrupt flag) doc/ghi dugc. CPU doc dé biét ngat da

xudt hién, va ghi (x6a) sau khi da xir i cho ngit do.

Mt na ngit (Interrupt mask)

M3di ngit két hop vai 1 bit ciia thanh ghi mit na. Lap trinh cac bit ctia thanhg ghi s& cho phép hay

cam ngat twong tmg kich hoat.
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Phan loai kiéu ngit:
Ngit

. .

Ngit mem Ngit cimg
' |

r w h

Ngit hé thong Ngit do nguéi Trong Ngoai
sir dung
l L 4 l l h l
HBH BIOS Che dwrere Khong
che duroe

Hinh 2.71 Cac kié< ngdt

= Ngit mém

Ngit mém thuc chat thuc hién mot 10i goi him dac iét duoc kich hoat boi cac ngudn ngit 1a cac
su kién xuat hién tir bén trong chuong t=~h va ngoar  tich hop trén Chip. Vi du nhu ngat thoi
gian, ngat tir thiét bi nhu ADC/DAC, .. C¢ “é ngit nay con dugc hiéu 14 loai thyc hién dong bo
v6i chuong trinh vi né duoc kich. o+ va thuc i tai cac thoi diém xé4c dinh trong chuong trinh.
Ham duoc goi sé thuc thi chi* ning | ‘ong Gmg v6i yéu cau ngat. Cac ham d6 thudng duge tro
béi mdt vector ngét ma da dugc 2k nghia va gan ¢ dinh boi nha san xuit Chip. Vi dy nhu hé
diéu hanh cta PC sir dung ngit sé = hex dé gan cho ngit truy nhap doc dir liéu tir dia ctng va
xudt dit liéu ra may in.

= Ngit clmg

Ngét cung co thé duogc xem nhu 1a mot 16i goi ham déc biét trong do nguén kich hoat 1a mdt su
kién dén tir bén ngoai chuong trinh théng qua mot cau tric phan cimg (thuong dugc két ndi voi
thé giéi bén ngoai qua cic chan ngat). Ngat ctng thuong duogc hiéu hoat dong theo co ché di bo
vi cac su kién ngét kich hoat tir cac tin hi€u ngoai vi bén ngoai va tuong ddi doc lap véi CPU,
thuong 1a khong xac dinh duoc thoi diém kich hoat. Khi cac ngét cung dugc kich hoat CPU sé
nhén dang va thuc hién 161 goi ham thyc thi chirc nang phuc vu su kién ngét tuong tng. Trong
cac co ché ngit khoang thoi gian tir khi xuat hién sy kién ngit (c6 yéu cau phuc vu ngit) t6i khi
dich vu ngit duoc thyc thi 1a xac dinh va tuy thudc vao cong nghé phan cimg xir 1y cua Chip.

T4 chirc tao ngat c6 thé don gian néu CPU hd trg nhiéu dau vao ngit va hé thong khong
can nhiéu ngit cimg. Vi du nhu trong CPU 8080/8085 c6 4 ngit (RST7.5, RST6.5, RST5.5 va
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TRAP) va 8 ngit mém (RSTO dén RST7). Tuy nhién sd thiét bj nhiéu, sb tin hiéu ngit ciing ting
1én, do d6 c6 mot co ché quan li ngit hieehu qua hon, 13 co ché vector. Trong co ché nay CPU
chi can 1 dau vao (INTR) va mot ddu ra (INTA) de nhén va tra 16i chdp nhan ngit. Phan cing do
d6 can thém mot vi mach hd tro cho CPU, goi l1a vi mach diéu khién ngét 1ap trinh
dugc(Programmable Interrupt Controller), vi du vi mach Intel 8259 véi 8 dau vao ngit va 1 dau
ra. M&i mot ngit (mdi thiét bi) cdn c6 mot chuong trinh xtr Iy riéng, goi tén chung la chuong
phuc vu ngit (Interrupt Service Routine —ISR). Dia chi ctia mdi ISR dit trong mot ving bo nhé
qui udc, vi du voi Intel CPU, doé 1a vung dia chi tir 00000-003FF (1024 byte), vung bd nhd nay
goi 1a bang vector ngit, cir 4 byte cho mdt ngat (CS:IP), nén c6 256 ngit. Bang vector ngét thudc
ving RAM hé thong. (Thir nghi xem tai sao d¢ & RAM, ma khong dé 6 ROM ?).

0—1 GND vee Hada
D—3 AD14 AD15 TD
— AD13 A16/53 570
745245 B D12 AlTIS4 g0
vee, 1 o6 | ADi ABISS g1
C 79| DIR D_T AD10 A19/56 TD
— G 2 ADg BHEIST 574
g9 12 ~ 5 ADB MM TD
2| A8 B8 [ = aD7 _BD 57 ¢
= A7 B7.153 | ADB HOLD (RQ/GTD) (57—C
6|45 T S77| AD5 HLDA(RQIGT1) [55 O
T A5 35 [z 73| AD# WR (LOCK) —g—H
o i4 = 14 | 4D3 I0/M (S2) 57 H
3 A3 ki 75| AD2 DTR (1) 55X
5 A EN@es 15| AD1 DEN (30) 5z
41 B1 7] 400 ALE {Q30) 531
: O—g MM INTA (Q@51) 55
INT7 = 15| INTR TEST [55—J
INTE = O—5PCLK READY 57O
INTS +— Ob—=—- GND RESET —O
INT4 }:,E' e
INTS g
NT2 = —
N1 =
INTO

Hinh 2.72 Thiét két véi ngat ciing che dwoc INTR ciia CPU

Hay xem xét tién trinh ngit nhu sau & chay trinh:

Khi can trao d6i thong tin, thiét bi ngoai vi giri tin hidu yéu cdu ngdt (Interrupt Request-IRQ) toi
dau vao INTR ctia CPU. CPU s& thuc hién ndt 1énh hién tai va tra 16 béng tin hiéu nhdn biét yéu
cau ngat (INTA). Chuong trinh chinh lic nay bi tam dimg (ngit) va CPU chuyén sang thuc hién
chwong trinh con phuc vu ngadt (thwc thi ISR ciia ngdt dé), tc 1a chuong trinh con trao d6i thong
tin v&i thiét bi ngoai vi yéu cau ngit. Sau khi xong coéng viéc phuc vu ngit, CPU quay vé thuc
hién tiép chuong trinh chinh ké tir 1énh tiép theo sau khi bi ngit.
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Bang vector ngit

Churemg trinh chinh
Ngat Dia chi
No. | dich vu ngat
1
T === 2 @ISR#2 |
- g
p
7 A
ry \
F
\
RQ#2 |~ . bR
i . _ g
¥ e -
Chwong trinh chinh ISR
L ¢ cac thanh ghi can thiét
 J
Khoi phuc céc thanh ghi
Y \ ~uay ve chwong trinh chinh (IRET)

Hinh 2. > Fector ngit va chuyén xir y téi ISR

Céc tin hiéu yéu cau phuc vu ngat tir niot thiét bi ngoai vi bat ky duoc gui téi chan nhan yéu cu
ngit cia CPU c6 thé thong qua mot khéi diéu khién ngit. Tuy theo ngudi lap trinh ma yéu cau
ngat d6 c6 duoc chuyén t6i CPU hay khong (thong qua chién thuat nhan va xtr 1y ngit véi cac
1énh cho phép ngat (EI) hay cam ngat (DI). Trong trudng hop yéu cau ngit duoc gui t6i CPU, xir
ly ctia CPU gdm cac budc sau:

Qua trinh thuc hién ngét:

- CPU hoat dong binh thuong

- Khi thiét bi vao/ra sin sang chuyén sd liéu s& giri yéu ngit téi CPU bang tin hiéu IRQ
t6i dau vao INTR (Interrupt Request) ctia CPU

- CPU thuec hién ndt 1énh dang thuc hién trudce khi tra 101 chép nhan ngét

- CPU nhan va tim cach xac dinh ngét va tra 101 thiét bi vao/ra béng tin hiéu INTA
(Interrupt Acknowledgement)

- Pay PSW (Program State Word) va PC (Program Counter) vao ngan xép
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Nhiing diéu luu y khi viét chuong trinh ISR: nhiing 1énh d4u tién ctia ISR thuc hién la:
Pay cac thanh ghi ciia CPU vao STACK,
Thuc hién viéc cAm ngét dé tranh dé qui ngét néu céan, hodc cAm cac ngét khac

v

AN NEANERN

v

Lap trinh ngit va cai dat vector ngit 13 viéc lam can than trong. Cac ngit t6 chiic theo vector

XAy dung cac Hé thong nhiing

- Xoa céc co IF (Interrupt Flag) va co TF (Trap Flag)

- TB vao/ra théng qua bo diéu khién ngit cho biét dia chi ciia chuwong trinh con phuc vu

ngat ISR cua ngit d6. CPU nap dia chi nay vao PC.
- CPU nhay dén chuong trinh con ISR va thuc hién xir Iy

- Chuong trinh ISR sé& ddy cac thanh s& bj thay d6i trong chuong trinh con vao ngin xép.
- Chuong trinh ISR s€ thuc hi¢n viéc chuyén sb liéu gitra thiét bi vao/ra va bd nhé qua

ACC cua CPU.

- Sau khi chuyén s6 liéu xong, CPU khéi phuc cac thanh ghi

- Khéi phyuc PC va PSW tir ngin xép, trd vé chuong trinh chinh thyc hién tiép nhiém vu

trude khi c6 ngit.

Ma xur ly cua ISR .

Khoi phuc céac thanh ghi cia CPU

Inter ipt control'zr

(8259)

(=]
=
> 2
i
CPU |- T A~ T > =
J_l_L / u T
) ——
INTR |- INT IR 2 —ro
INTA/ w{IN A s
h -

Hinh 2.74 1 “chirc ngdt véi diéu khién ngdt

Khoi phuc lai kha ning chap nhan ngit cho cic ngét tam cdm
Quay vé (RETURN) chwong trinh bi gian doan trudc do.

d6ng thoi ciing 1a theo muc wu tién, nén khi thiét ké can c6 y tudng rd rang.

V& mtc uu tién va st dung mirc vu tién:
v' NMI (Non Maskable Interrupt) 13 yéu cau ngit tirc thoi, khong thé cAm hay cho

phép bang chuong trinh.
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v/ Ngit theo Vector

v/ Ngit mém dung 1énh (INT) dé goi cac chuong trinh phuc vu ngit cia hé thong.
Vi du cac ngit hé thdng: Pdng ho thoi gian thuc, bao 18i phin cting, bao mat ngudn nudi, bao 16i
trong truyén tin ...

Thong thudng ta hay quan tim nhiéu dén dap ung ciia CPU vdi sy kién ngét va thoi gian
thuc hién tac vu ngit. O ddy thoi gian dap ung phu thudc va quyét dinh boi tée d6 va kha ning
xtr 1y ctia phan cimg con thoi gian thue hién tac vu ngit chu yéu quyét dinh boi tac vu ngit do
dai hay ngin va do chuong trinh quyét dinh.

Vi du: Thiét ké véi 8259, hd tro 16 ngit cirng:

- 18 1 - 18 1 40
O3] 1RO D0 [~y O35 IR0 GND vee o
L IR1 D1 T— ] IR1 | ADM AD1S —ﬁ—ﬂ
=311 IR2 02 [g—,] 0=5 IR2 ADTY L
g 113 03 [H—2 D IR aD12 RATEA |0
TN aEy| Sae S Amhe

- I O, D=3 IF AD1 A )
O—5c IR o6 [ O3 1R6 ADS SHELS] (350

O—=A IRT o7 —=5] O—=4 IRT ADE MHINE (g
ADT ___Ap 5O
wHla AD6 HOLD EQ/GTD) [H1—0
Laly AD5 HLDA RQIGTI) 551
ED (52 AD4  WR ILDGK) F—0
i WE [ 1 AD3 IO (52) T
CASD SRIEN [y F—gF CAsD s &D2 QIR (50) 50
16| CAS1 INT [ J_ — s AD1 DEN (50) 50
CAS2 T p=E—— — [ —t_ P— ADD  ALE (G50) 50

e ; HMI INTA (@54

B250A - Slawe 820 - Master iHTR TELT |2
PCLK READY 570
GND RESET 0

- 8086

Hinh 2.75 Mo rong so i3 voi 2 vi mach 8259

Dé sir dung 8259, can nghién ciru dic ta va phuong phap 1ap trinh cho vi mach nay. So d6 chua
c¢6 Chip select (CS/), con tury vao thiét ké cu thé.

b) Truy nhép true tiép vao bd nhé (Direct Memory Access-DMA)

Trong cic phuwong phap vao/ra trinh bay trén c6 cac nhugc diém sau:
1) Sir dung phuong phap vao/ra diéu khién bang chuong trinh ta thay:
- Poc dit liéu vao bang chuong trinh phai chuyén s6 liéu giira thiét bi vao/ra va bd nhé
thong qua thanh ghi cia CPU, vi du AX, AL (goi chung la ACC):
B6 nhg ¢ [CPU ACC] ¢ [ Cong ] ¢ [Thiét bi]

Trong do6 cé hai budc can thuc hién:
1. [DATA ghép ndi_tir thiét bi] - ACC
2. [ACC] - MEM
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- Twong tu khi ghi dit liéu ra thiét bi phai dua noi dung cta 6 nhé téi TB vao/ra, ciing phai
qua 2 budc:
1. [MEM] —» ACC
2.[ACC] — [DATA_ghép ndi_ra thiét bi]
Nhu véy viée chuyén sb liéu giira thiét bi ngoai vi va bo nhé can hai bude, tbec do cham. O day
chir tinh thém budc kiém tra trang thaii READY cua thiét bi.

2) Phuong phap vao/ra bang ngit bao dam thiét bi vao/ra dugc phuc vu gan nhu tic thoi (trong
thoi gian ngin). Nhung trong chuong trinh con phuc vu ngit, qua trinh chuyén sé liéu duoc thuc
hién bang 1énh chwong trinh nén téc do trao ddi ciing khong thé cao duoc vi khau ndy ciing
khong khac gi 1).

Tuy nhién trong may tinh, viéc phai trao d6i mot khdi luong 16n dir lidu gitta bd nhé
RAM va thiét bi ngoai khong thé sir dung 2 cach néi trén duge. Vi du khi ghi/doc dia cimg, cap
nhat cho video RAM d tao anh trén man hinh 1a céac loai #=g dung kiéu nhu vay. Ki thuat vao/ra
tham nhdp bo nhé truc tiép sé khac phuc cac nhugc < ém trén. Ban chét cta ki thuat nay nhu
sau: khi can trao d6i khdi dir liéu gitta RAM va thi’. bi, . tic vu ndy phai xay ra nhanh nhat c6
thé va chi phu thudc vao kha ning ctia thiét bi 3 phai thuc  2n hoan toan bang co ché dién tu,
khong sir dung t6i cac 1énh may qua chuongrinh. '4i vdy c6 :nau thuan ? Hay néi cach khac d¢
lam dugc, “ Hay loai bo tam thoi CPU.< 4 nam ldy « vén khong ché BUS hé thong trong thoi
gian trao d6i dit liéu !”. Qua trinh thié ké ¢, giai phap .iay nhu sau:

Céan c¢6 mot vi mach kha t=:7 ¢6 kha . “ng thay thé CPU, tao ra cac tin hiéu gidong nhu
CPU tao (BUS dia chi, BUS di liéu, E JS diéu kl.1én) va kiém soat BUS hé thong trong sudt thoi
gian thuc hién DMA. C¢6 cac tii. 64 ddi thoai véi CPU (HRQ, HLDA), cac tin hi¢u ddi thoai
v6i thiét bi ngoai (DREQx, DACKA ). Vi mach nhu vy goi 1a DMA Controller, hay DMAC,
vi mach pho bién c6 tén Intel 8237A. $u d6 nguyén li nhu sau:

- BUS dia chi
i I BUS diF lidu
CPU H
r 1Ir r
Thiét bi .
I Vo Bo
nho
DMAC
HOLD HRC ORC DR
HLDw HACK DAaCK DAaCK
P | I

BUS didu khign, cac tin higu 1OR, 10W, MEMR, MEMW

Hinh 2.76 Nguyén Ii DMA
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1)
2)

3)

4)

5)

6)

7)

8)

Qua trinh thwc hién DMA:

CPU lam vi¢c binh thuong

Khi thiét bi ngoai vi mudn chuyén sb liéu truc tiép v6i bo nhé thi giri yéu cau téi DMAC
qua tin hiéu DRQx ( DMA Regest thir x, m6i DMAC c6 kha ning nhan 4 DRQ).

Bo diéu khién DMAC chuyén yéu céu nay t6i CPU qua tin hiéu HRQ: Yéu cau CPU
“tach ra “ khoi BUS hé thong.

CPU thuc hién nét chu ky may dang thyuc hién, treo BUS va tra 161 DMAC bang tin hiéu
HLDA: Chép nhan va di treo BUS.

DMAC tra 10i thiét bj vao/ra bang tin hiéu DACKx, DMAC quan li BUS hé thdng va
phat sinh céc tin hi€u dia chi 1én BUS dia chi, huéng téi bo nho,

Phét c4c tin hiéu diéu khien: MEMRD/, MEMWR/, IORD/, IOWR/, d¢ thuc hién DMA
vao: doc thiét bi/ghi bd nhd hay DMA ra: doc bo nhd/ghi ra thiét bi.

Diéu khién chuyén sé liéu giita bo nhd va thiét bi vao/ra, chay dong bo theo BUS-clock.
S liéu chuyén giita bd nhd va thiét bi vao/ra thudmg 13 ca mot khoi, c6 do dai tuy ¥ qua
1ap trinh.

Khi chuyén xong sb litcu DMAC dua tin 1éu = = hay EOP (Terminal Count, End of
Operation-EOP) thanh tich cuc dé bao 1ot qué tri. ~DMA két thic (tin hiéu TC dong
vai trd mot ngat khi sir dung dé théing b cho CPU,. DMAC treo BUS, DMAC hily
HRQ. CPU hily HLDA, CPU tr *1 quan li 5. = hé théng. Chu ki DMA hoan tét.

Qui trinh chay DMA xay ra rat nhank chi _u thude vio kha nang trao ddi cua thiét bi. C6 mot
vai thu thuat DMA xay ra trong m# = tinh, tha. khdo thém tai liéu, vi du Intel 8237 DMAC, dé
hiéu thém.

DMA két hop v6i ngat b o %n hiéu TC, hay EOP khi két thuc chu ki DMA. Vi du tng

dung: ghi doc dir liéu RAM < Dia( ag, RAM < NIC.
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( Bit din DMA )

CPU khés déng dia cirng d&
chay DhLA
. R}
Tia cing truyen i
ligw biing DA
1 L0 Dinclng nglt
s (T'C) CPU théng
Trong khi DIMA chay, n bio DA wong

CPTJ lim e khac

Hinh 2.77 DMA va hog* *ong cua Cr "la-doc lap

Vi du: Thiét ké véi DMAC: St dung I’ ! DMAC 8. 7
C6 hai phuong phap thuc hién DMA:
= Céich nhu 3 m6 ta, CPU #4_ uyén s« n9-BUS hé théng cho DMAC;
= Cach tht hai goi 1a DM AC 14y .én chu ki: DMAC tan dyung nhitng khoan thoi gian trong
mot chu ki BUS ma khi ¢« 2PU khong cé truy nhap bd nhd, vi du cac chu ki CPU phat
dia chi cho cac chu ki doc ha, hibd nho).
Mot khi DMA hoat dong, c6 mot s6 céch trao ddi dit lidu sau day:
= Ché d¢ trao d6i don,
= Ché do theo yéu ciu,
= Ché d6 md rong cac vi mach DMAC theo da mirc (cascade).
Khi thiét ké véi DMAC xem chi tiét hudng din cach ghép va lap trinh cho DMAC.
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e

AB-ATS

Do of 5
Am74L5373

ce
B-BIT LATCH

el
AD-AS 741874 AEN  A0-A3  A4-A7 TS ADSTB A
HLDA 0 a HACK
Amst7A/e2ara % DBO-
r s BER . 58
HLDRQ | wea 3 £ e g BB EOE
cry l 0 0O
CLOCK a4
RESET
WEWE jo
MEMW 1O - CONTROL
iOR J0- -J e | BUS
0w |- --
DB0-DB?
SYSTEM DATA BUS >

Hinh 2.78- Ghép néi DMAC 8237 vao véi CPU 8085

2. CPU 8080/8085

3. DMAC 8237A

4. Latch 74LS373 chét dia chi A15-A8 do DMAC phat ra dua 1én BUS hé
thong
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DMA TRANSFER

Luu d6 thoi gian ciia qui trinh DMA
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START routine DMA: Nap
céc théng sb lam viéc
cho DMAC ...

r

DMAC READY

Thiét bi g&i DREQ té&i DMAC

l

DMAC kich hoat HRQ

. CPU nhan HRQ,
. Két thic Iénh dang thyc hién
. T ~BUS
.Trd ' bang HLDA

’ ZIM,LC tra b niét bi bang
DAL
94t diu chu | . DMA

-

‘ DMAC dat ADDR diu khbi
dir liéu 1én BUS
—— g “ich hoat MEMRD/ doc
, RAM
ADCC SADRF 1 it port_out Ién BUS
.Kich hoat IOWR/, ghi dir
liéu ra thiét bj

.Thiét bi hily DRQ
.DMAC tra lai BUS
.DMAC hily HRQ

I

.CPU hiy HLDA
.CPU lay lai BUS

Hinh 2.79 Luwu d6 DMA ghi dit liéu tir RAM ra thiét bi ngoai
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a) Ghép ndi hon hop: 1a phuong phap ¢ d6 co qaa trinh chuyén dbi vai tro kiém soat qua trinh
trao ddi dir liéu. Vi du thoi diém ban dau CPU chu dong, nhung c6 lac sau d6 thiét bj chu
dong. cach hoat dong nay thudng phdi hop giita phan ctimg va thu tuc diéu khién phai dong
bo.

2.6.4 Cong vao/ra

Khi néi vé ghép ndi ta hay dé cap t6i khai niém cong. Thuc ra cong & day bao gon hai
phan: 13 sir dung cac mach dién tir dé lam thich Gng cac tin hiéu mang thong tin trong thiét bi ki
thuat s6 noi chung va phan mém diéu khién hoat dong cua coéng. O goc d6 hop nhit trong thiét
Kké, céng phai do CPU quan li boi vi céng duoc tao thanh dua vao kién tric cia CPU va thuc
hién bang 1énh may tinh. Nhu di trinh bay, CPU “nhin” cbng theo hai cach: cong nhu 13 mot 6
nhé (Memory mapped 1/0), nhu vay cong s& chiém mot phan trong khong gian dia chi cia CPU.
Hay CPU “nhin” cong theo kiéu c6ng thuan tay (/O mapped 1/0) va cong c6 khong gian dia chi
riéng ma CPU danh cho cac hoat dong vao/ra. Truong hop ndy di néu & phan ghép ndi khi thiét
ké cac ki thuat ghép ndi vao/ra. Cac cong nhu vay goi 13'cong logic va dung dé diéu khién cong
vat li ma no6 anh xa téi.

Cac céng vat li phai c6 mo ta ki thuat rat ohy tiét vi % dung dé ghép ndi cac tin hiéu vat li
(dién, quang, tlr trudng) vao may tinh. Cac céi, ~dy thong t ¥ag trong cong nghiép déu dugc
chuin hoa dé dam bao tinh tuong thich cko moi L fhéng, ma muc dich 1a dé hd tro cho viée
truyén dit liéu giita cac thiét bi ki thuét o

= (Cong song song. Cong song .ong ci. ohép trao ddi thong tin giita hai thiét bi sé (PC,

HTN) dong thoi nhiéu bi“ing 4n. Vi du *5ng thoi tir 2 bit tré 1én. Viéc truyén thong c6

thé don gian, nhung ot = c6 t! & rat phuc tap. Vi du, don gian chi can thong qua mot s6

tin hiéu ddi thoai dé ddng  phat/nhan dir lidu. Mot trong cic cong song song phd bién

trong PC 1a cong ndi voi may .

Duéi day 1a cong song song ndi ra may in trén PC (Standard Parallel Port (SPP)), tén
dau ndi ra 1a DB25 véi ding nghia y nghia cic chan cua cong.

D7 |Do | DDA | D3| D2 | DL{D0D

©®O 000000000080
o6 oeeoe @ @ oo o@

| |
S7|s&a|sE|s4 |83

3 |C2(CLl|Co

Hinh 2.80 Pinh nghia cdc chin ciia cong SSP
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Chan Tén goi Huoéng dir licu Mo ta
1 STROBE Lbi vao/ra, dao Byte dugc in
2 DO Lbi ra (Output) Puong dir liéu DO
3 DI Lbira Puong dir liéu D1
4 D2 Lbira Puong dir liéu D2
5 D3 Ldira Puong dir liéu D3
6 D4 Lbira Duong dir licu D4
7 D5 Ldi ra Puong dit liéu D5
8 D6 Ldi ra Puong dit liéu D6
9 D7 L6i ra b ng dir ligu D7
10 ACK Lbi vao npu., Acknowledge (Xéac nhén)
11 BUSY Lot ve dao L May in ban
0: May in khong ban
12 PE ! Zoivao Béo hét gidy
13 SLCT L. vao SELECT (Lwa chon)
14 AF Lbi vao/ra, dao Auto Feed (Ty nap)
15 ERROR L6i vao Error (L&i)
16 INIT L6i vao/ra 0 : Reset lai trang thai méy in
17 SLCTIN Loi vao/ra, dao | Select in
18 GND Noi dat
19 GND Noi dat
20 GND Noi dat
21 GND Nbi dat
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22 GND Noi dat
23 GND Noi dat
24 GND Noi dat
25 GND Nbi dat

Luu db thoi gian mo ta nguyén tic ghép nbi v6i may in, trong d6 (Ra) co nghia tin hiéu ra tir

cong va (Vao) la tin hi€u tr may in.

D7-DO 4>< -
(Ra) ] .

STROBE/ @
(Ra)
ACKJ : ) B —
(Vao) L /ED
BUSY —— ®
{(Vao)
—"\—(l.
Min 0,5, - Min 0,5us
(_-——— - - |t -
' M0 us Min O,Eu:T

Dia chi truy nhap cong:
Address

3BCh - 3BFh

378h - 37Fh

278h - 27Fh

Hinh 2.6 “wu do cac tin hi¢u cong song song

Notes:
Dia chi nay trudc day hay két hop trén bo mach
video. Khong hd trg ché d6 ECP addresses (Extended
Capabilities Mode)
Cho cong LPT 1

Cho cong LPT 2
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Khi str dung céng song song dé dua dit liéu vao, c6 thé du dung cac tin hi¢u trang thai nhu ACK,
PE, BUSY, SELECT, cac cong dugc dung tiy bién theo su khéo 1éo cta nguoi thiét ké. Han ché
& day 1a chi co thé doc vao 4 bit mot 1an. O cac PC hién dai cong ndy van niang hon goi 1 cong
hai chiéu:

Standard Parallel Port Bi-Directional Operation

154 Do

: Do L] Dhagall (2)
:;“::E‘ DI gl Datal (1)
IS:-\ D; D2 Q2 L [haca2 (4)
A TH D3 3 [ara3 (5}
Ii'i--'n o D4 04 Dharad (&)
I’i.r\ D6 DA Q3 [aras (7}
15A D7 Da 0 [harafs (8}
= D7 Q7 Datad (9)
= b CLK
TALS3T
¥l Al
Y2 Al
13 I
(B 1A4
Y1 Al B
= A =
— = A3
¥ 2A4
10R Base A —dg
TELS244

Hin 2.82 Con_ song song hai chiéu

Xem thém: http://www.bey dlogic.org/spp/parallel.htm#6

= Céng néi tiép. Trong khi cong song song c6 uu diém vé s bit truyén va c6 thé dat téc do
rat cao, thi diém yéu cua cong 1a khoan cach két ndi. Pé giai quyét van dé nay phai st
dung t&i cong ndi tiép. Ban chat nbi tiép 1a phai trao d6i gitra hai may véi nhau timg bit
mot va linh vyuc ing dung cia truyén thong ndi tiép lai rat pho bién. Tuy nhién truyén ndi
tiép lai rat phuc tap, doi hoi thiét ké va dic biét 1a qui trinh phat/thu, goi chung 1a giao
thire truyén théng. Do d6 ¢ day khong di vao chi tiét cu thé cua truyén thong ndi tiép, co
thé thao tham khéo thém céc tai liéu khac:
http://www.beyondlogic.org/serial/serial. htm#2 va
http://www.lammertbies.nl/comm/cable/RS-232.html#pins. Trén PC c6 it nhit 2 céng véi
tén goi COM1 va COM2 véi chuan RS-232.
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Chén céng noi tiép (Serial) D25 va DB9

RS5232 DBY pinout RS5232 DB25 pinout
— Diata carrier detect /O——\— Protective around
— Data set ready 14 o———— Transmit data (2)
— Receive data 20— Transmit data
T o———Reguest to zend 15— Tran=smitter clock (DCE)
Jio—— Transmit data Jio—— Receive data
go——— Clear to =end 16 0——— Receive data (2
4 io—— Diata terminal resdy 4 io—— Request to sen
— Ring indicator 17 o——— Receiver clock
Aio—— Signal ground Aio—— Clear to send
1o Dt st read
. — Data set rea
Protective ground 190——— Reguast ta SE':IIII'M (2]

T io—— Signal ground

. 2 00— Drata terminal read
DEC MMI pinout ao—— Data carrier detecfv
21 o———Sianal quality detectar
5 Yo—— Test pin
z Data set reacy 22— Ring indicatar
a Receive data [Rx+) 10o—— Test pin
3 Receive data ground (Rx-) 23 O0———— Data zignal rate detector
ransH a ground [Tx- o

5 T it it o (Tx—) 11 )
7 Transmit dats (Tx+] 24 O—— Tranzmitter clock (DTE]

Dt terminal reacy e 120—— Data carrier detect (2)

- %: Clear to zend (21

Hinh 2.83 Dau néi RS 232 cdc loa. DBY, . R 25 va DEC MMJ

D-Type-25 Pin

No D-Type-9 Pin No.  ‘\bbreviativ Full Name
. . (Transmit Data Serial). Cit li¢u phat
Pin 2 Pir 3 TxD i Ka) . .
) ra tu DTE (vi duh PC, HTN)
. ) . (Receive Data Serial). Nhan dir li¢u tur
Pin 3 Pin 2 RxD (Vao) 3
DCE vé DTE
Request To Send). DTE sin s
Pin 4 Pin 7 RTS (Ra) | (ReduestToSend). DTE san sang
phat dit lidu ra.
) ) (Clear To Send). DCE sin sang nhan
Pin 5 Pin 8 CTS (Va
. m (Vao) dit liéu do DTE phét ra.
. . . (Data Set Ready). DTE san sang nhan
Pin 6 Pin 6 DSR (Vao) R
dir liéu tr DCE.
Pin 7 Pin 5 SG (Vo may) Signal Ground
Pin 8 Pin | DCD (Vao) (Carrier Detect). Da két ndi véi DCE
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tr xa qua PSTN.
) ) Data Terminal Ready. DCE mudn
Pin 20 Pin 4 DTR (Ra) e
phat dir lidu
) ) . (Ring Indicator ). DCE bao c6 chuong
Pin 22 Pin 9 RI (Vao)

dén tir PSTN.

Mot sb cong noi tiép khac:

RS-422 (Hé théng toc do cao twong tw RS-232 nhung dung tin hiéu vi sai )

RS-423 (Hé thong tdc do cao tuong tu RS-422 nhung dung tin hidu kiéu khong can bang)
MIL-STD-188 (chuan quan su, gibng RS-232 nhung chat lwong t6 hon (tré khang, suon
1én dbc hon)

EIA-530 (téc dd cao str dung chuén céc thudc tip’i ve'dién cua EIA 423, chan ndi cua RS-
422 hay RS-423,)

EIA/TIA-561 Két noi 8 vi tri, khong @dng bd g a thiét bji dir liéu dau cubi (Data
Terminal Equipment) va thiét bi macr. Hir liéu ke fuc (Data Circuit Terminating
Equipment ) diing trao d6i di liéu »i11 phan 1. tiép.

EIA/TIA-562 (Chuan qui dink’¢ - giao dién ¢t ndi s6 khong cén bang (Electrical
Characteristics for an Unbalanced L ital Interface (low-voltage version of EIA/TIA-
232)

TIA-574 (standardizes . » 9-p a D-subminiature connector pinout for use with EIA-232
electrical signalling, as orig  ated on the IBM PC/AT)).

Mot sb céng hién dai khac:

v/ USB (Universal Serial Bus) 1 cong pho bién dung trong cac thiét bi nhiing, vi du
bo nhé flash ngoai ding véi PC. Céc thiét bi nhung trong mot to hop thiét bi ndi
v6i nhau qua HUB dé trao doi dit liéu. ..

v/ Cong 1394 (con goi 1a FireWire) cuc nhanh dat tdi 800Mbps, cho phép két hop
t6i 63 thiét bi cung lac, “cdm 1a chay” va “cam/rGt néng”. Cac thiét bi nhu
camcorder truyén video véi PC dat téc do rét cao.

Cong SIP (Serial Interrface port - Programmer): ddy 1a mot cong rat ddc biét phat trién
dé két ndi giita mot bo mach HNT dang phat trién v6i PC qua cong COM, trong d6 PC 1a
mdi trudng lap trinh phan mém cho HTN.

Xem http://www.lancos.com/siprogsch.html#baseboard
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[FOST
- Wi
i GIND
S S
L
n= T o - T—|SCl
==a 4: -
=2 =3 “ |\"1:|:"',‘_':-U
X | == s h
PCES-232 3=<1K Chng SI-P wén HTH
port ZPysLiv FAPYS, LV dang phic il
D= Eﬁl D1

Hinh 2.84 PC lam hé phdt trién phan mém cho HTN, phit hop tin hiéu gitta RS-232 cua PC va
cong SI-P ciia HTN dang phdt trién

T
RESET T 1
VOC (1]
R2 _ 1
L w1 VCC :f—:| o 2
10K )(;— PI¥) PR\ SCK) — W‘ =3
=1 I 18 (MISO) — e 4
- XTAalLZ P MOST - 5
X1 5 . 13
- XTaLr T4 —i?)( i
“—||:||—' Mt P20 NTO) X vee =7
AN X5—1.0A Ph - — ¥ boa s
Y DA (TU, PRI (AINZ) —I-.-,-){ P
— —_] A HE DR AING) = - 1
} ND D6 — =T
l; 100aF CORID

.1

lm lﬂpr =
A4

ALOS IR0
Mét HTN kie. VR (.!%.T‘QQSQOO) véi cong ndi vio
PC qua cdng R5-232

Hinh 2.85 Cong SI-P don gian, ding nguén tir RS 232 ciia PC

2.6.5 Ghép ndi véi tin hiéu twong tu (analog signal)

Céc thiét bi ma HTN phai kiém soat, diéu khién sir dung cac tin hi¢u dé lién lac v6i HTN thong
qua cac ghép ndi. Cac tin hiéu co thé di & dang roi rac (discrete), hay bién thién lién tuc theo
thoi gian, goi 1a tin hiéu twong tu (analog). Cac tin hiéu trong ty nhién phan 16n ¢ dang twong tu,
biéu dién sy bién thién lién tyc theo thoi gian ciia mot dai lugng vat li nao d6. Trong khi dung
may tinh dé xir 1y cac tin hiéu d6, cAn mot cong doan nhét dinh dé chuyén hoéa tin hiéu twong tir
thanh tin hiéu roi rac, goi 1a sé hoéa (digitalization). Lam sb hoa d6i khi gidng nhu “ma hoa” tin
hiéu analog vdy, boi vi ¢6 nhidu cach dé s6 hoa va dau ra cua s6 hoa lai co thé biéu dién boi cac
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tap hop nhi phan khac nhau. Vi mach dién to thuc hién chic nang s6 hoa goi l1a bd s6 hoa
(analog-to-digital converter-ADC).

Nguoc lai, sau khi xtr ly, tinh todn tin hi€u twong ty da s6 hoa, HTN s& dua ra cac gia tri va
chuyén t6i cac thiét bi. Néu céac thiét bi chi nhan tin hiéu tuong tu, can mot qué trinh chuyén doi
gia tri s6 thanh gia tri tuong ty. Vi mach thuc hién goi 1a bo chuyén ddi sb ra tuong tu (Digial
Analog Converter —ADC).

Mot sb khai niém lién quan toi s6 hoa

Sai s6 lrong tir: Qua trinh s6 hoa ludn 1am mét di tinh chinh x4c cta thong tin chta dung
trong tin hiéu gc. Tuy nhién voi sai sb nhat dinh thi két qua van duoc chdp nhan. Bang
dudi day cho thiy sai s6 cia mau dugc sé hoa biu dién theo s bit thé hién gia tri gbc:
Vi du 14y mau audio:

Pau vao tuong tu ¢ gié trin tir 0 dén 1,

Tén sb léy mau fsampte = 44,1 KHz.

Resolution = f(sd bit biéu dién).

Dung lugng bd nhé can dé luu dir liéu sau thed £ N s6 hoa 1s, 60 s va 300 s

Size Resolution Storace (1. Storage | B Storage (300s)
4 bit 0.0625000000 Telnd 1323000 BE15000
6 it 00156250000 473075 Q%4 500 9922500
2 bit 0.0039062500 ¢ g 0 £G4 G000 13230000
10 kit 0.0009765625 551- 3307500 16537500
12 bit 00002441476 66150 3969000 19234 5000
16 bit 0.0000180 2 | 28200 5292000 26460000
32 bit 0.000000000 2 176400 10584000 S2920000

Téc dé ldy mdu (tan s6 ldy mau), do trung thuwc sé héa: phu thudc vao do phan giai, vao
thoi gian lay va bién d6i (Tconvension ) xong mot mau cia ADC. St dung dinh luat
Nyquist-Shannon c6 thé xac dinh tan sén 14y mau phu hop: .

X(f

X(f) ¥ /m z(t) e 21t gt

Biéu dién Fourier transform cua x(t) nhu trén, va néu X(f) = 0 cho moi | f | > B, thi x(t) bi

gii han boi bing thong B. Tir d6 tan sb 1dy mau du dé tai tao tin hiéu goc 1a :
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fsample >2B
Don gian hoa thi tan s 14y mau s6 hoa véi ADC:

fsampte = 1/ Tconvension » f sample min > 2 fanatog 12 it nhit.
Mau phai iy va bién d6i lién tuc dé dam béo tinh trung thuc cua tin hiéu. f cang 16n va sb
bit sir dung cang cao tinh trung thuc cang tdt, tuy nhién by nh¢d dir li€u lai 1a van dé. Co6
mot s6 cach ma hoa dau ra c6 thé bu trir giit 2 yéu cau: chinh xac va trung thuc.
Vi du cac thiét bj trang 4m hi-fi ¢ thang tan sb tir 20 dén 20KHz, thi tan s6 14y mau tdi
thiéu la 40 kHz.
= Ma hoa (codecs: Compressor-Decompressor', '‘Coder-Decoder’, hodac
'Compression/Decompression algorithm): Ma héa dit lidu 1a dé xur 1i bang may tinh va
déng thoi t6i wu d6 dai di lidu, tire bai toan bd nhd, ma van dam bao do trung thuc cua
tin hiéu gbc. Ma hoa mang lai nhiéu loi ich trong xa li tin hidu va cho ca truyén thong.
Ma hoéa thuong khong chi 1a thudt todn ma con duvc thuc hién ngay trén thiét bi dién tu,
nhu ngay tai ADC/DAC. Mot s6 dinh dang ma ' a bao gdm:
- Nhi phan,
- Pulse code modulation (PCM),
- Pulse width modulation (PW™1).
- Differential pulse coded n= ‘dulation (L "CM),
- Adaptive differential p1se ¢ 'e modulat.on (ADPCM)
La cac biéu dién di»' *ang sb a. ra ctia cac ADC.

2.6.6 Bién doi twong tw thini A (sé néa)
= MO hinh dau vao cia ADC  * ghép ndi voi hé thong
v' B0 chon kénh dau vao: i sir dung mot ADC c6 tinh ning cao, thoi gian bién d6i
mot mau nhanh, ¢ thé ding AD d6 cho nhiéu tin hiéu ¢ dau vao.
v' Mach trich mau: ding dé lay mét gia tri twong ty, “ nhd” tri s6 d6 trong thoi gian
ADC chuyén thanh gia tri s6. Thoi gian can thiét dé xong mot bién do6i 1a
TconvENSION -
= ADC ghép nbi véi may tinh (HTN)

SW

‘ Lay mau ‘

fod — - B?D ADC $] HTN

c
Cam bién Cac | !
kénh
vao

Hinh 2.86 ADC va ghép vao HTN
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2.6.7 Bién doi sé thanh twong tu (DAC)
Trong truong hop thiét bi nhan gia tri twong tu tir HTN, can ¢ bd bién d6i sé-tuong tu:

HTN | | DAC

Loc thap
->U tan

Hinh 2.87 HTN va DAC

ADC va DAC la mot chua dé rat phtc tap, co thé tham khao ot cac bai hoc khac. Khi sir dung
tham khdo tai liéu dé chon loai phu hop véi ung dung s€ thiét ké. Tuy nhién mot $6 thong sb
sau day dugc néu ra khi chon ADC/DAC:

v" Do phan giai cia ADC: 8 bit, 10 bit, 12 *t;

v Thoi gian chi phi cho mot bién d6i (Fiy to 16 bién doi);

v Do nhay dau vao tuong tu (hav- hang do), . %i (bién d0), cuc tinh tin hiéu dau
Vao;
Ngué)n nuoi (don cyc hay ' ai cuc:+/-), 2n do V;
Can hay khong can ma n la, 4u dau va, (Sample-hold circuit);
Ghap nbi véi vi tink=“=FU), ¢6 . hiéu ddi thoai, ngat;

AN NN

2.7 KET CHUONG

Chuong nay dé cap dén n. ‘ng ki thuat lién qua dén phan cung, tir hoat dong cia
CPU, BUS (BUS cta CPU va BUS hé thong). Viéc nim bt va hiéu cac nguyén tic 1am viéc cta
CPU giup cho céac phan tiép theo, 1a nhitng ki ning hd trg cho viéc thiét ké cac hé thdng vi tinh
hay HTN, bai vé nguyén tic khong c6 gi khac biét. Pé tao ra mot hé thong vi tinh, can phai thiét
ké bd nhd va md rong ghép ndi véi cac thiét bi ngoai. Ghép thiét bi ngoai vao HTN 1a khau
khong thé thiéu, béi HTN lién quan chinh t&i cac thiét bi, 1a di tugng HTN quan 1i va diéu
khién hoat dong cia ching. Cac phuong phap ghép ndi 1a chuan ki thuat, do dé hiéu duoc
nguyén li va ap dung cho tung ing dung s€ lam cho HTN hoat dong hi¢u qua.

2.8 CAU HOI VA BAI TAP
2.8.1 Cau héi cudi chwong

1. BUS hop thanh tir cac tin hiéu nao ctia CPU, chirc ning, chiéu trao dbi dir liéu mdi BUS
¢6 khac nhau ?
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N »n kW

8.
9.

10.

11.
12.
13.
14.
15.

16.
17.

18.
19.
20.

Thé nao 1a mot vi mach ¢6 3 trang thai va 3 trang thai 1a nhirng trang thai nao ? Khi nao
phai sur dung vi mach 3 trang thai ?

Thé nao 13 cong (port), cong dung dé 1a gi ?

La thé nao dé truy nhap vao cong ?

Thé nao 14 “memory mapped /0" ?

Thé nao 13 “I/O mapped [/O” ?

CPU thong thuong c6 mdt tap cac tin hi¢u phat ra ¢ déu ra theo kiéu don kénh, vi du céc
duong AD7-ADO caa CPU 8080/8085. Lam thé nao dé tach cac duong day A7-A0 va cac
duong day D7-D0 ? Thir thiét ké bai tdp nay ?

BUS cua CPU va BUS hé théng ¢6 khac nhau ? Tai sao ?

BUS mo rong va BUS hé théng c6 khac nhau ? Tao sao ?

Khi thiét ké HNT, c6 can téi BUS mé rong va cac ché d6 hoat dong cua BUS m¢ rong ?
Tao sao ?

Mo ta muc dich cua bang vector ngat.

Thé nao 14 ghép ndi vao/ra khong dicu kién va o diéu kién ?

Khi ndo thi chon giai phap ghép ndi khong #'eéu k. »?

Khi nao thi chon giai phap ghép ndi c6 ¢ u kién ?

C6 nhing phuong phap ghép ndi nac® Mc . nguyén tic hoat dong cua timg phuong
phap.

Tai sao truyén cit liéu bang DMiA la ~hanh hon x1éu diéu khién bang chwong trinh ?
Uu va nhuge diém cta cta = vhuong |, “4p vao/ra diéu khién bang chuong trinh va
DMA ?

Ngit 1a gi ? Khi ndo thi a. o dgét ?

C6 nhitng kiéu ngit nao, pha. *riLstr dung cta cac kiéu ngit do ?

Cho vi du vé cac thiét bi ma kh. ghép ndi sir dung ngit 1 hop 1i hon cac kiéu ghép ndi
khac.

2.8.2 Bai tap cudi chwong

1.

Thiét ké bo mach vi CPU 8085 v6i 4KB EPROM chira nhan HTN, 8KB RAM cho dit
liéu, mdi vi mach RAM cé dung lugng 8KB x 4 bit. Dia chi dau cho EPROM=0000Hex,
dia chi dau cho RAM=8000Hex. Dia chi dau vao cho vi mach gidi ma 1a cac dia chi la ?
(Bai giai ¢ PHU LUC).
Dudi day 1a so do thiét ké ghép ndi mot module véi ADC vao PC qua cong mdy in. Tim
hiéu xem cach ghép ndi nhu vay c6 chay khong ? Thir viét chuong trinh diéu khién doc
dit liu tuwd ADC vao may tinh.
Céc vi mach sur dung:

- Ngudn chuan LM 358
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- Tao dao dong 74L.S14, R=1K, C=0,001 pF cho f=700KHz (theo tinh toan cia ADC

0809)
- Ddn kénh 7418157

Naudn chudn cho ADC

Dén kinh 8 bit -= 4 bit Jan

= 1 z 1 1
g "Eﬂ Eﬁ' ] 1 o BTROBE
P T | &
O—c 117 Oa — w 1 a3 ;LEET
C'am bin do tin hleu ¥ FEE OO - 1| SIS
o— ‘IIIE 0B I_L_In_m n GIo
wao: Phototransistor ol o 2
HIMIGTH.E N _li N — =
L b g" - LPT Pexl
= o
I
— =l B ‘ = i
I Al E e
_ﬂ_u = =
u'l_ﬁLE
OE
AT
WwE o
A
Tao Clock che ATV
ATZ 0R0%

Hinh 2.88 Bdi tdp thiét ké ghép néi ADC, céng LPT vio mdy tinh PC

3) Ghép ndi v6i cong kha trinh 8255. Sir dung ISA BUS trén PC.
Muc dich bai tap: sir dung vi mach da ning 8255, ghép ndi véi BUS hé thong mo rong
ISA:

-Str dung dia chi 10 cho Prototype 300Hex- dé thuc hién ghép ndi vi mach 8255 véi PC
qua BUS ISA. Cong 301 Poc trang thai cta 8255, Cong 303 goi 1énh cho 8255, mode 0.
-Sir dung cong ctia 8255 ndi toi hién thi 1a LED 7 thanh

- Viét chuong trinh thuc hién ghép ndi, dua ra cac s6 lam cho dén sang.
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Chwong 3. CAC THANH PHAN PHAN MEM CUA HE THONG NHUNG

Chuong 2 dd dé cap téi phan cing cta cac hé thong may tinh néi chung ma HTN ciing 1a mot
trong cac hé thong d6. Su khac biét phan cimg cia HTN 1a dé phu hop véi nhimg yéu cau dit ra
trén mot HTN ciing dd dugce dé cap. Chuong 3 s& xem xét dén phan mém duoc trién khai trén
HTN. Nhu trong mé hinh kién triic triru twong da néi ¢ chwong 1, hinh dudi day s& cho thay hai
16p (con) méi s& dua thém vao md hinh d6. Khi dé cap toi phan mém, tong quat, ta c¢6 thé chia ra
lam hai 16p: phan mém h¢ thdng va phan mém tng dung. Phin mém tng dung 14 cac phan mém
mg dung nhung, cac phin mém nay dinh nghia chirc ning ciing nhu muyc dich hinh thanh mot
HTN cu thé. Phan mém hé thng 1a phan mém c6 chirc ning quan li hoat dong cua phan cimg,
cung cAp ngudn tai nguyén phan cing va phan mém trung gian khac cho phin mém tng dung,
thuc thi ma phan mém tng dung sao cho hiéu qua va 6n dinh. Tuy thudc vao yéu cau van hanh
ctia mot HTN, phan mém hé thong c6 thé don gian nhung ciing c6 thé rat tinh xao. Vi dy rat pho
bién 1a phﬁn mém hd trg da nhiém, va néu chiu su rang budc vé thoi gian xu ly, thi phai c6 tinh
thoi gian thuc, va phan mém hé thong s& 1a mot hé dicu hanh thoi gian thie (RTOS). Con ¢6
nhitng phan mém khéc tao ra lién két giita cac 16p phan ~ém, vi du dé phan mém hé thong khai
thac phan cimg, can c6 mot “phan mém sun” goi'la BIOS | Yasic Input Output System), ma thyuc
té d6 1a tap hop cac module phan mém diéu khic cac phan cu g. Cac module ndy con co tén 1a
cac module chwong trinh diéu khién thiét 1 (aevice “iver). Co thé miéu ta vai tro nay nhu sau:
phan mém tng dung c6 nhu ciu trao o1 ™ liéu véi th « bi bang cach thuc hién goi chic ning
vao/ra cia phan mém hé thong. Phan i1ém hy “0ong chuan bi cac thong sb vao/ra va goi cho cac
device driver. Cac device driver nhai “ac théng O d6 & dau vao, va dau ra s& 1a cac 1énh diéu
khién thiét bi cu thé. Dir liéw'ce qua rinh nay la két qua ma thiét bi da thi hanh va trao d6i cho
phan mém hé thdng qua cac phuo. thtic ghép ndi da trinh bay ¢ chuong 2, dé & cac ving nhé
bd dém dir liéu cia phan mém hé thor. "Sau d6 phan mém hé thdng s& chuyén dir liéu cho phan
mém tng dung. Giita phan mém hé thdng va phan mém ung dung con c6 mot co ché “lién lac”
goi 13 goi hé thong (systen call), ma thuc chét 1a phuong thirc ma phan mém hé thong hd tro dé
phan mém tng dung khai thac cic chiic ning ciia phan mém hé théng.

D6 ciing 1a chii @& ma chuong 3 s& dé cép.

3.1 TRINH PIEU KHIEN THIET BI ( viét tit: TPKTB)

3.1.1 Toéng quan

C6 thé néu dinh nghia vé trinh diéu khién thiét bi (TPDKTB) nhu sau: 1a mot phan mém  dé khai
dong phan cimg va phan mém 16p cao hon st dung dé quan tri truy nhap vao phan cimg ghép ndi
vao may tinh. Phan mém nay twong tac truc tiép va diéu khién phan ctmg va duoc t6 chtic & dang
cac thu vién phan mém. Khi may tinh c6 hé diéu hanh thi TDKTB la cau ndi giita phan cing va
hé diéu hanh. Thong thuong cé nhiéu thiét bi chuin ghép ndi vao may tinh, vi du: dia ctng, dia
mém, CD, DVD ban phim, man hinh, vi mang ... Vi 13 cic thiét bi chuan, nén khi thiét ké hé
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diéu hanh (HPH) thuong mai (WINDOWS, UNIX, Linux. Mac OS, ...), cac TDKTB da dugc
nhung trong hé diéu hanh nhu cac thu vién. Tuy nhién khi dwa thém mét thiét bi méi vao may
tinh, ma HDH khéng hd tro, thi phai viét ma cho TDKTB, ltic d6 ta noi 1a viét trinh diéu khién
thiét bi, cong viéc s€ lam la chuyén ddi céc 1énh vao ra téng quat cia HPH thanh céc chi thi dang
thong diép sao cho cac thiét bi c6 thé hiéu dugc va thuc hién cic chi thi ¢6. HDH thudng khong
quan 1i truc tiép cac thiét bi, ma thong qua mot trinh didu khién thiét bi ao hoa (virtual device
drivers), va HPH hanh nhin cac thiét bi nhu 1a mot 10p phan ctng triru twong (hardware abstract
layer — HAL), con cac thiét bi thi duoc 4o hoa (virtual device driver) nhu viy HPH s& doc 1ap
(twong d6i) véi cac phan cimg. Cac TDKTB 4o s& xur 1y cac ngat mém tir HDH thay vi xir 1y cac
ngit ctng tir cac thiét bi cing, vi TDKTB 40 sé& duy tri trang thai cta phan climg va céc thiét dic
ctia thiét bi lai c6 thé thay d6i duoc (programmable settings). Ching ta da dé cap toi ngit cing
va ngit mém va t chirc ciia vector ngit ciia CPU. HDH tan dung co ché nay cia CPU dé quan li
thiét bi qua TDKTB 40. C6 thé ching nghiém diéu nay khi cai HDH WINDOWS ciia Microsoft
vao thoi diém nap HAL dé phat hién céc thiét bi ghép ndi yAo may tinh.

Mb hinh chung kién triic cac phan mém may tinh nhvi. 4 3.1

Hinh 3.1 M6 hinh tong qudt cdc phan mém trén mdy tinh

Trong d6 phan mém hé thdng dit & gitra phan mém tmg dung va phan ctmg. Hiy xuat phat tir
mot ing dung: khi ing dung muén st dung phan cimg ctia may tinh (truy nhap ROM, RAM,
thiét bj ngoai nhu dia cting, mang ...), tng dung s& chuyén yéu cau d6 theo mot phuong thirc qui
wdc goi hé thong (system calls-GHT). GHT 1a mét giao dién 1ap trinh ma ung dung sir dung dé
khai thac cac dich vu ctia phan mém hé thong. Dén lugt minh, phin mém hé thdng s& goi 1énh t6i
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cho mot nhém cac phan mém diéu khién cac thiét bi, 6 1a BIOS. BIOS sau d6 ra 1énh d¢ thiét bi
thuc hién cac vao/ra dir liu.

Khi trién khai mé hinh trén, tiy thudc vao kién tric tong thé cac phan mém trén duoc trién khai
theo mot sO cau hinh nhu sau:

IDevice Idrvers

c.
Hinh 3.2 Mé hinh tong qudt cdc kiéu sdp xép phan mém trén may tinh

Hinh 3.2 a. 1 cu hinh dang don gian nhit. Céc thiét bj nhung v&i nhitng chirc nang diéu khién
kiéu ON/OFF c6 thé sir dung. Hinh 3.2 4. 1a cAu hinh ning cao véi phan mém trung gian thyc
hién céac xur 1y phirc tap hon, theo cac wu tién, da xir Iy han ché. Trong khi & hinh 3.2 ¢. La cac
hé thdng tinh xao hon, viéc quan li tmg dung va quan 1i phan cing can c6 hé diéu hanh, c6 phan
mém trung gian. Hé c6 thé mo rong bang cac bo mach c6 TDKTB nhing trén bo va két hop véi
hé diéu hanh qua co ché HAL.
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Céac TPKTB trong HTN thuong xép vao hai 16p:

Lop xé4c dinh theo kién trac (architecture-specific) cia HIN, cac TDKTB & 16p nay
quén tri phan cting hop nhit véi CPU. Cac kién trac kiéu microcontroller, hay kién truc
Havard véi by nhé trén chip, céng, vi mach quan tri by nhé (memory management Unit-
MMU), cac phan cimg déu phay dong, cdc ADC/DAC hop nhét trén bo mach, thudc 16p
nay.

Lép TDKTB tong quét (generic) diéu khién céc thiét bi ndm trén bo mach chinh nhung
khong hop nhat vao chip véi CPU. Tuy nhién mi thuc thi s& c6 mot phan cua 16p
architecture-specific vi khi truy nhap bat ki thiét bi nao déu phai chay qua CPU. Tuy
nhién TDKTB 16p nay con dung dé diéu khién cac thiét bi khong nhat thiét xac dinh cho
CPU cu thé. Noi cach khac TDKTB c6 thé 1am céu hinh dé hoat dong véi cac loai kién
trac khac nhau ma lai ¢6 cic phan cimg ma TDKTB di viét dé diéu khién cac phan cing
d6. Vi du cac TDKTB khéi dong va truy nhép vao céc thanh phén cua bo mach nhu: BUS
Inter-Integrated Circiut (I12C), PCI, PCMCIA, cacue 1.2, Flash ...

Bo qua kiéu TDKTB, bo qua kiéu thiét bi, ta du. a day cac ci. ~aing co ban cia TDKTB:

1))

2)

3)

4)
S)

6)

7)

Khéi dong phan cieng (Hardware Startup): K *i dong cac phan cing sau khi bat ngudn
hay sau khi RESET may. Phar16n . = phan cimg 1a cic vi mach ghép ndi hay diéu khién
cac thiét bi va 1 kha trinh "0 nén bu » nay 1a lap trinh cho cac vi mach chirc ning ciia
bo mach, dé dua cac vi'mach 4o trang aai dau tién: trang thai sdn sang thuc hién céc
lénh tiép theo.

Tat may (Hardware Shutdow. + Nguoc lai véi khai dong, diéu khién tit may s& cAm tuan
tu cac vi mach, két thuc két né: v6i cac thiét bi sao cho dir liéu khong bi xao tron hay bi
hong. Cudi cung 14 cit ngudn dién nudi may.

Cdm phan cimg hoat déng (Hardware Disable): Cho phép phan mém khac c6 thé tam
tho1 vo hiéu hoa mot phﬁn cting khac.

Cho phép hoat déng (Hardware Enable): Cho phép phan mém khac kich hoat phan cimg.
Danh ldy phan cimg (Hardware Acquire): Cho phép phan mém khac chiém 1iy phan
cing bang cach khoa phan cimg dbi voi cac phan mém khac. Vi du sau khi HPH giai
quyét tranh chip phan cimg, gan phan cting cho mot tién trinh tam thoi doc quyén sir
dung, céc tién trinh khac phai cho.

Gidi phong phan cirng (Hardware Release):Cho phép phan mém khac giai khéa phan
cung.

Poc/ghi dit liéu (Hardware Read/write ): Cho phép phan mém khac thuc hién trao dbi dir
lidu v6i phan cing.
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8) Cai va thdo dé phan cirng (Hardware Install/Uninstall): Cho phép phan mém khac cai
m6i hay thao d& phan cimg.
TPKTB con c6 thé cac chirc ning khac hay c6 thé khong nhat thiét phai co tat ca cac chirc ning
nay. Cac phan cing khi dé kich hoat déu c6 it nhat ba trang thai ma TDKTB phai giam sat:
Khéng hoat dong (inactive, idle), dang hoat dong (in active-busy), két thuc hoat dong (finish).

Vay mot TDKTB chay trong mot hé théng nhu thé nao ? Mdi TDKTB déu nhim vao mot thiét b
cu thé, nhung duoc hop nhit voi phan mém hé théng. Phan mém tng dung tiép can TDKTB qua
giao di¢n lap trinh GHT nhu da néu. Cach khai thac TDKTB c6 khac nhau theo cach ma mot hé¢
théng duoc xay dung va c6 hay khong c6 hé diéu hanh, hé hanh 1a don nhiém hay da nhiém. Vi
du v6i MS DOS cic phan mém tmg dung truy nhap TDKTB d& dang va tryc tiép. Tuy nhién véi
h¢ diéu hanh da nhiém thi khac. O cac hé¢ diéu hanh nay co hai ché do thuc thi: supervisor hay
user. Cac ché do nay khac nhau ¢ chd céac thanh phﬁn phén cing nao cua hé théng, mot phén
mém c6 thé truy nhap vao dugc. Ché d6 supervisor cho phép phan mém truy nhap khong han ché
phan cimng, tirc tai nguyén hé thong, trong khi & ché do »4er thi khong. Cac TDKTB thuong chay
trong ché d6 supervisor. Li do: da nhiém 14 tranh ch%p . ".nguyén, giai quyét tranh chip can giai
phap phan mém hé théng.

3.1.2 Cacloai TDKTB
Céc thiét bi ghép ndi vao may tinh ndi o1, ~g hay HTIN 4iriéng co thé rat da dang, tuy nhién co
thé xép lai nhu sau:

»  Thiét bi cung cép khéiw liéu block dev.ce drivers), do d6 khi thuc hién vao/ra voi loai
nay TDKTB can c6 di b b4 dém (buffer) cho mdi lan thuc hién. Kich thude cua khéi
c6 thé 16n hay nho phy thuoc 4o kha nang ciia thiét bi. Nhu chwong 2 da dé cap ghép ndi
v6i thiét bi loai nay st dung p.uong thic DMA. TDKTB s& bao gdm lap trinh xin cap
buffer trong RAM, goi cac thong sé diéu khién téi DMAC, cho phép DMAC nhan yéu
cdu DMA. Vé6i HNT, céc thiét bi loai nay, vi du may MP3, Camcorder, TV, dir li¢u tir
cac cam bién radar v.v.

= Thiét bi xir 1y ki ty (character device drivers): khong can sir dung buffer 16n, thuong thao
tac 1 ki tu 1 1an. Mot ki tu thuong c6 do dai 8 bit. Khi trao d6i dit liéu c6 thé khong gidi
han sb byte cho mdi 1an trao d6i vao ra. Chuong 2 da dé cap t6i cac cach ghép ndi va
nhitng nét chinh dé viét TDKTB: co/khong c6 diéu kién, co kiém tra trang thai hay khong
kiém tra trang thai thiét bi, cach thoat ra khoi chuong trinh tranh bi quan khi thiét bi
khong lam viéc do su ¢ ... Thiét bi loai nay dugc su dung phé bién trong HTN, vi du
cac cam bién qua ADC/DAC goi dir liéu vao RAM qua cac cong. Doi khi ciing sir dung
céng truyén ndi tiép dé nhan hay goi dir li€u téi céac thiét bi dé & xa bo mach, céng lap
trinh va debug 16i SPIL
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3.1.3

Thiét bi mang (Network device drivers): Thiét bi mang nhan tir duong truyén timg bit,
chuyén thanh byte dé & buffer vi mang sau d6 chuyén vio RAM bang ngit va DMA.
TPKTB mang nam & 16p 2 ciia md hinh mang OSI.

3.1.3 Hoat dong cia TPKTB

Khi TDKTB dugc kich hoat, mot loat cac thao tac sé dugc thuc hién. Nhin ¢ goc do khi TDKTB
thubc quan li cua hé diéu hanh, cac thao tac d6 nhu sau:

Tu cdu hinh (Autoconfiguration): Vao thoi diém nhan HPH goi TDHTB dé xac dinh
thiét bi két ndi voi cdng (probe interface), 14p cac thong sé pht hop va khéi dong thiét bi.
Thao tac vao/ra (/O operations): TDKTB s& kiém soat qua trinh vao/ra dir lidu giita
RAM va thiét bi, Cac thao tac bao g@)m: mo céng voi thiét bi, thuc hién ghi/doc dii 1iéu
va dong thiét bi.

Xir 1y ngit (Interrupt handling): Khi cé ngat dus< cridp nhan, CPU xac dinh sb hiéu cia
vector ngat, goi ISR tuong tng. Cac budc chitic #i trinh bay & chuong 2.

Nhimg yéu cau dic biét (Special requests): C6 nhu. =~ truong hop can téi cac xir ly dat
biét, thi cic TDKTB ciing la dang dac'bic vi du céc n, i khong trong td chire vector ma
1a cac ngat khong thé che v6i nhivig mirc uv ién cao, xur 1y cac sy kién dic biét xay ra
trong hé thong.

Tai khoi dong (Reinitializatiany: C6 ni. g thanh phan theo chu ki phai tai khoi dong dua
thiét bi vé trang thai bax dau. \ du “watc.idog” timer, hay néu thiét bi c6 van dé sau thoi
gian thir truy nhap (time 1t)/can tai khoi dong thiét bi dé dua thiét bi vé trang thai ban
dau. Thyc hién thao tic nay  © thé tu dong boi phan mém hé thdng, ciing c6 thé cho phép
thuc hién bang tay.

3.1.4 Phat trién TPDKTB
Céc cong viéc can lam dé thiét ké TDKTB:

Thu thap thong tin:

v' Céc thong tin vé may tinh (host) s& cai TDKTB Ién dé: loai CPU, loai HPH, kién
trac BUS;

v' Céc qui dinh dugc ding dé viét TDKTB: Cach dit tén cho thiét bi, mo ta thiiest
bi, tai lidu.

v' Xéc dinh cac thudc tinh cua thiét bi: thiét bi 1a kiéu khdi (block device) hay kiéu
ki tu (character device), thiét bi c6 hd trg cdu trac hé théng tép (dia cting, USB,
...), ho tro chudi (byte stream), c6 kha ning phan tmg véi ngat (cAm ngat dé qui
khi dang trao d6i khdi lwong 16n dir liéu, khi kéo dai chu ki ngat khong cam ngit
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tiép theo, thao tac hang doi dit liéu co thé bi ngét hay ngit) , khai dong lai (reset)
nhu thé nao.

v/ Mo ta vé thiét bi: kiéu thiét bi, c6 bao nhiéu thiét bi cuing kiéu c6 thé cai dit trén
hé théng, muyc dich cua thiét bi.
Thiét ké TDKTB
v' Kiéu thiét bi: ki tu (Character ), Khéi (Block ), Ca hai: khdi va ki tu, Mang
(Network ).
v' Piu vao tiép can thiét bi: 1a giao dién ghép ndi thiét bi: dia chi céng st dung, cach

nhan biét thiét bi c6 trén hé thdng (thdm do-probe, quét-scan) dé ghi nhan.

Hiéu ciu trtc dir liéu hé thong va kiéu dia chi gan cho thiét bi

v

v

<

Kiéu dit liéu thao tac: Phu thudc vao kiéu thiét bi, cach ghép vao BUS hé thong,
dir liéu song song, song song mdy bit, noi tiép, biéu dién kiéu nhi phan, hexa ,...
Dia chi 40 khong anh xa: 1a dia chi 4o trorz khong gian HDH da nhi¢m. Khi dung
v6i HDH da nhiém s& co loai dia chi #a_ nhan HPH dung co ché nay dé dang ki
anh xa dia chi véi di chi ao.

Dia chi vat li cia nhan HPH: 4. % chi thuc . =g khong gian dia chi ctia nhan
HDH, dung khi HPH la da riugmKe. -l physical address .

Dia chi vat Ii ctia BUS:/C mot sb Bus 41 véi thiét bi c6 thé dia chi héa ( Xem
chuong 2 vé BUS), BUS nay iét bj st’dung dé chuyén dir liéu t&i thiét bi khac.
vi du SCSI BUS »a 1. ~0a thiét - =6i vao BUS, max=8 hay 16 thiét bi, hay IDE
BUS ¢6 IDE#1* 9 2 th ¢t bi, ID#2 cho 2 thiét bi.

Dia chi RAM néi s “auc hién trao doi vao/ra dit ligu.

Dia chi thiét bi hay dia “#1/0: L4 dia chi cong ghép ndi t6i thiét bi.

Xac dinh phuong phépding ki ngit cua thiét bi v6i module quan li ngat (interrupt
handler): thuc hién qua mot goi hé thong toi trinh quan 1i ngat hay nhay truc tiép
vao bang vector ngat. Trinh quan 1i ngt ¢6 hai ddu vao voi ciu trac: ihandler t
va handler intr_info.

Céch sap dit cu trac dit liéu cia TDKTB: Khi khai dong hé théng cac cau tra dit liéu vé

thiét bi s& dugc cai vao vi tri ndo, con tré tré téi ISR dé ¢ dau (qua interrupt handler hay

bang vector ngit).

Tao méi truong phat trién TDKTB: Khi di vao phat trién thuong str dung cac bo kit cho

moi truong HDH trién khai trén HTN. Cong cu s€ yéu cau cai dat véi td chure thu muc dé

bién dich, tao ma thuc thi va sau d6 1a hop nhat vao HPH, va nap xuéng HTN dang phat
trién. Vi du ctia hiang KIEL Software c6 cong cu chip Chip 8051/80251. Tét ca cac hing
san xuat Chip CPU cho HTN déu c¢6 DDK (Device Driver Development Kit) di cung.
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3.1.5 Mot sb vi du vé TPKTB
TPKTB diéu khién ngit:
Ngit 13 co ché phé bién duoc sir dung. Chuong 2 di c6 mo ta vé cach thirc ngit xuat hién

va cac bude xur 1y ngit. Dudi dy s& néu ra mot sé nét chinh khi thiét ké TDDKTB cho

ngit. Pau chuong ta da liét ké tam chtrc ning cua TPKTB, trong d6 c6 it nhat 4 chirc

nang két hop v6i mé ta khi xay dung TDKTB ngit:

1)

2)

3)

4)
5)

Khéi dong (start) phan cimg quan li ngdt : goi cac 1énh diéu khién t6i diéu khién
ngat (vi du vi mach 8259), cai dit bang vector ngit, kich hoat (cho phép nhan
ngit) ... sau khi bat may (POST).

Tt (shutdown) diéu khién ngat: chuyén diéu khién ngit vé trang thai khong lam
viéc (idle).

Cho phép phan mém khac tam thoi vo hiéu cac ngit: dua diéu khién ngit vao ché
do vo hi¢u (disable).

Cho phép phan mém khac khoi phuc lai hoat dong ctia diéu khién ngit (enable).
Kich hoat ISR: CPU xac dinh sb vectot 1 %t, tim t6i dia chi cua ISR cua ngét va
kich hoat xtr ly ngét d6. Khi viét ma aue the a ISR rat than trong, dua vao phan
tich cach quan Ii cac sy kién ma ‘Héng hoaiv .g:su xuét hién, mirc wu tién,
cho/cAm ngét dé qui. Ma n?; thudc la 41 han, phai rat tbi uu, chay hi¢u qua.

Tat ca cac churc nang trén khi ckay » thanh ma ¢ 4 dy vao qui tac sau:

1) Kiéu, s hiéu, mire. n cta i, “+ vac dinh trén CPU, vi mach quan li ngét trén
bo mach.
2) Ngit cing: Tin hig =gat xuat hién nhu thé nao: bang sudn cua tin hiéu (46 nhay
cao) hay bang mirc cu. “in hiéu (46 nhay thap hon).
3) Chién luoc t6 chirc ngét. danh sach cac su kién ma hé théng s€ xu ly va duoc
phan loai dé hé théng c6 dap tmg phu hop.
TDKTB diéu khién BUS

Mdi BUS hé¢ thong trén céc hé phire tap déu co mot qui wdce hoat dong, goi 1a giao thirc

(BUS protocol), nhu dd d& cap trong chuong2. Protocol cho biét: thiét bi s& c6 kha ning

truy nhap vao BUS nhu thé nao (qua trong tai BUS), cac qui dinh thyc hi¢n “bét tay” khi

cac thiét bi trao doi dit liéu, cac tin hiéu diéu khién sir dung trén mdi BUS s& duoc s

dung thé nao cho qui trinh “ bt tay” va trao doi dit liéu. Cac chirc ning sau day phai
duogc cai vao TDKTB khi thiét bi st dung BUS:

1)
2)
3)

Khoi dong BUS khi bat ngudn.
Tat BUS khi tat nguon.
Treo BUS (disable): cho phép phan mém khac treo BUS.
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4)

5)

6)
7)

8)

Kich hoat BUS tr¢ lai (enable): cho phép phan mém khéc danh lai BUS va dua
BUS vao hoat dong.

Khoéa BUS: cho phép phan mém khac tam thoi doc quyén BUS bang ché do khoa
(lock) BUS.

Giai khéa BUS: cho phép phan mém khéc giai khéa (unlock) BUS.

Doc/ghi: cho phép phan mém khac doc dit liéu trém BUS, hay dwa di liéu ra
BUS.

Cai dat hay théo cai dit BUS: cho phép phan mém khac cai/thdo mot thiét bj mai
nham mé rong BUS.

* TDPKTB lai bo mach cim vao khe I/O hé théng
Khi mé rong chirc ning hé thong thudng can tdi bo mach di thiét ké cho chic ning méi.

Thong thudng cim bo mach vao BUS hé thdng s& hinh thanh mét co ché kiéu chu

(master) va tht cip (slave). Giao tiép bo cam thém s& duogc kiém soat boi vi mach ghép

nbi-diéu khién trén bo (slave). Trong vi mach sé& co.cac thanh ghi diéu khién, thanh ghi

trang théi sao cho master co thé truy nhap va kié'n tra hoat dong cua bo mach cim thém.

TDKTB cho bo mach sé c¢6 cac chiic nang s :

1)
2)
3)
4)
S)

6)

Khai dong I/O: Khoi dong bo i +hém sau ki 4t ngudn tir hé thong.

Tat I/O: tat hoat dong I/O treii 6o ma .cam thém khi tit ngudn.

V6 hiéu I/O bo mach ciri 4m: cho phe =han mém khéac v hiéu I/O.

Kich hoat bo mach : ci.> phép han méni khac kich hoat /O tré lai.

Khoa/giai khoa: ¢i0 . '» mot pi. 1ém khac khéa bo mach, hay cho phép phan
mém khéc kick' “at bo nach tré iai.

Doc/ghi bo: cho pti‘phan mém khac thuc hién doc/ghi dit liéu véi bo mach.

Trong chuwong 2 ¢6 vi du vé TDKTB véi luu do diéu khién ghép ndi co diéu kién, d6 ciing 1a mot
16 dé viét TDKTB.

C6 thé tham khao véi MS OS tai :
How to Write a Windows Driver.
http://msdn.microsoft.com/en-us/library/ms809956.aspx

1.Cai DDK

2. http://www.adp-gmbh.ch/win/misc/writing_devicedriver.html
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3.2 HE THONG NHUNG THOI GIAN THUC

Trudce khi di vao mé ta vé HTN thoi gian thyc, can trd lai mot s6 khai niém lién quan t6i hé diéu
hanh cho may tinh. Mot hé théng tinh todn hay mdt thiét bi ki thuat s ludn can co phﬁn mém hé
thong. Phan mém hé thong dam nhiém chirc ning quan li tai nguyén nhu phan clng may tinh
(ROM, RAM, thiét b luu trir thong tin, cac thiét bi ngoai vi ...), tép ... thuc hién giao tiép ngudi
may, khoi dong, cung cap tai nguyén va diéu phdi cac chuwong trinh ing dung, v.v. Mirc d6 phtic
tap ciia phin mém hé thong c6 thé khac nhau tir don gian dén tinh xdo0. Cac HTN ciing khong
phai 13 ngoai 18, c6 HTN don gian c6 HTN phtc tap, ddi voi cac HTN phirc tap khi phai thuc
hién nhiéu tmg dung dong thoi, thi can c6 hé diiéu hanh da nhiém h tro.

3.2.1 Hg¢ diéu hanh da nhiém (multitasking)

Phéan 16n HTN dugc sir dung trong méi truong diéu khién cong nghé, tai d6 tiy vao vi tri trong
toan bo day chuyén, HTN c6 thé 1a cac loai véi qui mo kién tric khac nhau. Tuy nhién phan
mém hé thong doi hoi twong d6i khat khe va loai HDY sir dung phd bién 1a hé diéu hanh thoi
gian thie (Real Time Operating System — RTOS), de'tac . Khi thao luan vé RTOS 1a mot dé tai
16n va phtc tap, cho nén chuong chi s& trich nhirng diém « = thiét cAn quan tdm khi phat trién
RTOS trén HTN.

Khi dé cap t61 HDH kiéu da tac vy, car’ »Ac lai mot . hai niém sau day: , Nhan HDH, Tién
trinh, ché d¢ hoat dong, chirc nang, a1gat, . ~ vu, co hi€u (semaphorre), ngat, ngoai lIé ...

=  Nhan HPH (kernel): Nh#1 HPh hyc hién .ntc ning chinh cia HDH, gdom:

v' Quan li cac tién trinh: ta == céac tién trinh, cung cAp ngudn tai nguyén can thiét dé tién
trinh hoat dong, giam sat thy.  +hi tién trinh trong moi truong da nhiém.

v Quan li tai nguyén: Céc tai nguyén may tinh bao gdm: CPU, RAM, thiét bi I/O, hé thong
tép (File system) .... Cung cap cic tai nguyén khi tao tién trinh va khi tién trinh doi hoi,
giai quyét cac tranh chap tai nguyén, thu hoi tai nguyén khi tién trinh két thuc thyc thi.
Cung cép thu vién cic ham chiic ning cta nhan cho tmg dung qua API goi hé thong
(GHT).

v’ Pé tu bao vé, nhan chay trong mét ché @6 riéng (supervisor/protected). Ché do nay duogc
hé tro thu kién trac cia CPU. Nhin tir HDH thi goi 1a ché dd nhan (kernel mode).

* Tién trinh (Process):

Trén mot hé da nhiém, khong chi mot chuong trinh chay trén may va phuong thic phé bién dé
nhiéu chuong trinh ¢ thé chay dong thoi 1a ki thuat phan chia thoi gian sir dung CPU cho mbi
chuong trinh (time sharing). Nhu vy mdi chwong trinh khong chay lién tuc ma cé nhing thoi
diém chuong trinh “dimg”. Chuong trinh “ dimg” vi khung thoi gian sir dung CPU cho no da hét,
hay khi tai nguyén né yéu cau chua dwgc dap tng, hay bi mot xir li khac c6 xu huéng chen
ngang su dung CPU, ... Pé biéu dién su van dong nhu vay, can c¢6 mot khai niém, goi la tién
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trinh. V& ngit nghia 13 n6i dén qud trinh tién trién (thuc hién) chwong trinh theo thoi gian trong
khi chuong trinh roi vao nhitng hoan canh khac nhau, trong mdi hoan canh nhu vay goi 1a trang
thai cua tién trinh.

Vay tién trinh (TT) 1a thoi diém thuc hién ctia mot chuong trinh (instance of execution) va vi¢c
thyuc hién d6 chi xay ra trong mot khoan thoi gian nhét dinh (slice time). Nhin ¢ khia canh quan 1i
ctia HDH, thi tién trinh do HPH tao ra dé thau goi tit ca cac thong tin lién qua toi viée thuc hién
chuong trinh. Nhu vay dé thyc hién duogc chuong trinh, TT s€ st dung CPU dé chay céac Iénh cua
n6, va bd nhé noi c6 ma 1énh (code hay text), dit lidu (data), va ngin xép (stack) cia chuong
trinh. Mot TT khi thye hién phdi lam theo mdt trinh ty cac 1€nh trong vung code cua TT. TT chi
c6 thé doc/ghi truy nhap data va stack ciia n6, nhung khong thé trén data va stack cua TT khac.
TT lién lac véi cac TT khéac va phan con lai cta hé théng bang cac Goi Hé Thong (GHT, system
call) va co ché lién lac giita cac tién trinh (IPC).

Mo hinh vé qué trinh tién trién chay chuong trinh goi 1a mo hinh trang thai.
Vé co ban c6 thé dua ra ba trang thai chinh:

1. TT trinh chay (run): d6 1a khi cac 1énh cia chuong . «h dugc thuc hién
2. TT dirng (suspended, waif): do hét thai 1. g dugc ph. 1« phdi, do tai nguyén chua dap
ung, do bi chen ngang bdi cac xtl1 khac, che ~u kién.
3. TT san sang (ready): tai nguy?n ¢ =6, da dén 1. st chay lai TT chuyén vao hang doi cho
kich hoat bdi hé 1ap lich.
Khi phat trién hé diéu hanh s tang ti. | c6 thé n. ¢u hon va chi tiét hon.
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v

Yéu cau

Chay trong
ché doé ngwoi
dung

Ché do nguoi
dung

Ché dé nhan

Dirng,
treo, dovi

Hinh 3.3 Tring.tha. “ia tién trinh

Tién trinh chay trong ché 7y ngy %i ditng: ng x0i dung kich hoat chuwong trinh tng
dung.
Tién trinh chay tror's nhdn. HPH, tac ahan: khi chuong trinh doi hoi tai nguyén,
nhan HDH “thay ma ngioi dung truy nhap tai nguyén (RAM, I/O) bang cac chirc
nang ctia nhan, cac chirc 3ng nay duoc kich hoat tir ing dung qua GHT hay ngit
mém.
Tién trinh dirng, doi, tac nhan: khung thoi gian cho tién trinh da hét, hay tién trinh bi
gian doan vi cac li do khéc (dimg dé xir i ngat, doi c6 tai nguyén...).
Tién trinh chuyén vao hang doi (wake up) sdn sang chay lai, tic nhan: khi nhu cau tai
nguyén da théa man, dén luot chay lai. H¢ 1ap lich s& thyc hién qué trinh nay: Dung
- Hanh doi > Chay trong nhan - Chay trong ché do nguoi ding ... >két thuc.
Sfork(): tao ra tién trinh m&i. Tao tién trinh m&i c6 murc vu tién cao, do d6 c6 kha nang
chen ngang thuc thi ciia mot tién trinh khac dang chay.
Céc trang thai s& bién chuyén theo mé hinh cho tdi khi chuong trinh két thuc.

(Xem thém li thuyét HPH da trinh, da nhiém).

= Ché d) nguoi diung va ché dé nhan HPH
Trong cac HDH da nhiém c6 mot ranh gidi gitra hai “khong gian”goi 1a khong gian (dia chi)

nguoi dung va khong gian (dia chi) nhan HDH danh riéng cho HPH va dugc bao vé béi CPU va
ma nhan HDH. N61 nhan HPH “thay mat” ngudi dung truy nhap tai nguyén (RAM, I/O), co
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nghia 13 tai nguyén do nhan HDH quan li, cung cép cho chwong trinh tng dung (“ngudi ding”)
tai nguyén khi c6 nhu cau, c6 nhu vdy méi tranh duogc tranh chip tai nguyén hé thdng. Dé hinh
dung qua trinh chuyén trang thai tir khong gian nguoi ding va khong gian nhan nhu sau:

= Ma HPH chay trong khéng gian dia chi nhan HPH, goi 1a ché 46 nhan (kernel mode hay
supervisor mode hay privilege mode). Ché do nay duoc hd tro béi kién tric cia CPU (
boi cac 1énh may dic biét hay bang phin cimg) va nd ngin ngudi dung truy nhap vao
phan ctng (quan li phan cimg chuan xac cho nhiéu ngudi dung dong thoi, con goi 1a ché
d6 dugc bao v¢ (protected mode)).

= Mai cic trinh tmg dung chay trong khdng gian dia chi ngudi ding, goi 1a ché d6 nguoi
dung (user_mode). Viéc két ndi giita hai ché do chay trinh dwoc thuc hién boi goi hé
théng (system call). Goi hé thong (hay goi cdc dich vu ciia hé théng, GHT), 1a mot giao
dién 1ap trinh giira HDH va tng dung. N6 dugc thyc hién bang cach dit cac thong sb
vao nhiing chd dugc dinh nghia 1o rang (vao cic thanh ghi cia CPU hay dit vao stack)
va sau d6 thuc hién mot 1énh bay dit biét (trap fuwuction) cia CPU. Lénh nay chuyén
ché do chay may tir user mode vao kernel mo. »va tir d6 diéu khién chuyén cho HPH
(1). Tiép theo HPH kiém tra s hiéu va ciC théng * ciia GHT dé xac dinh GHT nao sé&
thuc hién (2). Tir trong bang véi chi s6° A hiéu cua « *'1), HPH lay ra con tro tro dén
qui trinh (procedure) thyc hién GHZ & (3). Thi thuc hién xong GHT, diéu khién chuyén
tra lai cho chuong trinh cua ngus. “ng.

» Thudt nglt nhdn (kernel) d¢ cap a. .phan ma cbt yéu nhét ctua cac chwong trinh hé
thdng, nd kiém soét tai pSuy. ~mdy tin. ~hir cac tép, cc thiét bi dién tir, khoi dong va
cho chay cac chuong 4 4 Gmg Jung dong thoi, cip bd nhd cling nhu cac tai nguyén khac
cho cac chuong trinh cia . “10i dung. Ban than kernel khong lam gi nhiéu nhung cung
cap cac cong cu nguyén thuy \ initive functions) ma cac tién ich khac, cac dich vu khac
ciia HPH. Do d6 céc chuong trinh hé thdng, cac trinh ing dung sir dung cac dich vu caa
HDPH, va chay trong user mode. Tuy nhién c6 sy khac biét 1a cac trinh rng dung thi tan
dung nhitng tién ich hé théng cho, con cac trinh hé théng 1a su can thiét dé may tinh chay
duoc.
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User program 1 User programs
chay trong user
User program 2 ! dg
Tr-system call Lt
— ] senice
@ procudure He Dieu hanh
G} chay trong
Kernel mode

service table

Lo
Hinh 3.4 Trién khai API qua GHT

Tir day c6 thé thiy ciu tric co ban cia GHT »au au:

1.

2.
3.
4

Mot chuong trinh chinh kich hoatdica vu he Fr)ng béng mdt GHT.
Bay (TRAP) chuyén GHT vae nha. 9DH, nhéan .4c dinh s hi¢u cta dich vu.
Thuc hién dich vu.

Két thuc dich vu va tré vé nc »hat sinh GHT.

Hinh sau cho céc bude’ <o trir a tu tir 1ap trinh dén thuc thi GHT read():
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Example of System Call read

1 1
I |
I |
I | i
| \ {Other system call

|
|
fd = open(“filel”,..); push nbytes Put the code for read :
I

handlers)
! push &buffer I some register
l push fd

I -
count=read(fd, buffer, nbytes) TRAP to the kernel

mcrement SP h
™ Return to caller ¥

1
|
| -
I (Other system call
|
|
1

|
|
| 1
| |
: I handlers)
|
| |
| — |
l Compilation l
: Linkage !
I — (Executiop in User Mode) (Execution in Kernel Mode)
I
User’s program in C (input using]  After compilation and ol ol rand e
some text editor) linkage, the assembly ::‘ pro 11:'.1":}(1 i 08 Kernel
code {deassembled from e a B lon call,
the machine code) it TEAE inside)

Hinh 3.4 Nguyén li da trinh va quar né giita cr. 16 nguwoi ding va ché dg nhan HPH

= Tac vu (Task) : 1a mot ing dung “hay . g thoi gian thuc va bi giam sat bang hé thong lap
lich cia HPH. Trong cac hé<io.. diéu khie Khai niém tac vu ciing hay dugc sir dung bén
canh qud trinh tinh todn.. 7 vu c thé thuc‘hién theo co ché tuan hoan (periodic task) hodc
theo sy kién (event task). Cac ‘ag tac vu qui dinh trong chuan IEC 61131-3 (Programmable
Controllers — Part3: Programmin, " snguages) dugc minh hoa trén hinh 3.5. Vi du, mot tac
vu thuc hién nhiém vu diéu khién cho mot hodc nhiéu mach vong kin c6 chu ky trich mau
giéng nhau. Hodc, mot tac vu c¢6 thé thuc hién nhiém vu diéu khién logic, diéu khién trinh tu
theo céc su kién xdy ra. Tac vu co thé thuc hién dudi dang mdt qua trinh tinh todn duy nhét,
hodc mot day cac qua trinh tinh toan khéac nhau.
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PR P

Cho té&i chu ki Cho sw kién
_ . Thoi gian S kién
Ma thwc thi
Ma thwc thi Ma thwc thi
Tac vu mac dinh Tac vu tuan hoan Tac vu sw kién
Vi du: Vi du: Vl'qlu: .
- Diéu khién logic - biéu chinh vong -Diéu khién trinh tw
- Kiém tra 16i kin (loop control) -Xr li sw co

-Xtr li truyén théng

Hinh 3.5 Cdc kiéu té=vu

So sanh giira chirc nang (function), dich vu ngit va 3¢ .

Chtre nang (function) dich u ngt (ISk. tac vu (Task)

- Tap hop céc lénh dé thyc - ISk doc lap. - Tac vu la doc lap.
hién mgt hanh dong.

~ Duoc kich hoat b&i Kiscg ho.t boi ngat cling | - Pugc dong b thuc thi bdi

tuc Proc/Task/ISR. | hay mem. RTOS.
- Mdi chirc nang ¢6 boi ISR dugc gan mirc vu - Lap lich chon mdt tac vu
canh thyec thi riéng. tien. dé chay trong mot khung
. , thoi gian.
- Moi ISR ¢6 bdi canh
riéng.

] Lu("ing (Threads): La nhitng phén chia nho ctia mét tién trinh, chay trén cac h¢ c6 da CPU, va
duoc kiém soat bai hé théng kiém soat tién trinh.
= Ngit va ngoai I¢ (exception): 13 bat ki sy kién ndo 1am gian doan thuc thi caa CPU va “day”
CPU vao thuc thi nhiing 1énh dic bi¢t ¢ trang thai dac quyén cua CPU. Cac ngoai 1€ phan
loai vao 2 hang: ngoai 1¢ déng bo vad ngoai 1€ khong déng bo.
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v" Ngoai 1& déng bo: phat sinh boi cac sy kién bén trong, vi du khi thyc hién céac 1énh ctia
CPU : C6 mdt s6 CPU truy nhap bd nhd bat dau ¢ dia chi chan, néu nguoc la s& bao 10i,
hay khi thuc hién phép chia ma mau sé bang 0.

v' Ngoai 1¢ khong dong bo: 13 cac su kién phat sinh tir bén ngoai khong lién quan tdi thuc
hién 1énh ctia CPU. Cac su kién nay gén 1ié vi céc tin hiéu ngét, tir cac thiét bi. Vi du: 4n
nat RESET trén HTN (system reset exeption), cac thiét bi truyén thong ctia HTN tao ra
cac ngat khi nhan duoc dir liéu. Nedt ngodi ciing dugc qui chiéu vao loai nay.

Su khéc biét ctia hai loai ngoai 1€ chi la nguén phat sinh cua su ki¢n.

= Diéu phdi chay chwong trinh bang 1p lich (schedule)

Lap lich 1a mot phép thuc hién phan b va gan quy trinh thuc thi cic tac vu cho bd xir 1y sao cho
mdi tac vu duge thuc hién hoan toan. Nhu vdy cong viée cta lap lich 1a tim kiém mot gian dd
phan b thoi gian thuce thi theo kiéu da nhiém hop 1y véi cac diéu kién rang budc cho trude. Hay
no6i cach khac 1a 1ap lich phai xir 1y thong tin diéu kién &2 quyét dinh va diéu phdi thyc hién tién
trinh/tac vu.

Quan i tic vu thong qua 1ap biéu:

Y U, S
Moo || ol g L |
L |

Ngét dinh thoi ool Lipbiduva | | | ¢ i
~i gian va » dieu phoi tac : w
| sw kién vu | :
Goi hé thng, bay | Cég dich vu (}@0 tien trir)h, |
——————=—"—> luong, chuyén trang thai,
| nhdn, phat di 18u . Nhan RTOS |

Hinh 3.6 Hau hét cdc loai tac vu dé xuyén qua ldp biéu.

* Han chét (deadline): thoi diiém cudi cing phai cho ra mot dap tmg trong cac hé rang budc vé
thoi gian. Trong hinh dudi day di 1a han chot.
v' Thoi gian xuat hién ai (arrival time): Khi sy kién xdy ra va tac vu tuong tmg duoc
kich hoat.

v' Thoi diém bat dau thuc thi i (release time): Thoi diém sém nhét khi viéc xt Iy da
san sang va co thé bat dau.
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v' Thoi diém bat dau thuc hién si (starting time): La thoi diém ma tai d6 tac vu bat
dau viéc thue hién ctia minh.

v Thoi gian tinh toan/thuc thi ci (Computation time): La khoang thoi gian can thiét
dé bo xtr 1y thyc hién xong nhiém vu cia minh ma khong bi ngét.

v' Thoi diém hoan thanh fi (finishing time): La thoi diém ma tai d6 tac vu hoan thanh
viéc thuc hién cua minh.

v Thoi gian rti ro/ x4u nhat wi (worst case time): khoang thoi gian thuc hién lau nhat
c6 thé xay ra, dung sai mém = wi-di.

v' Thoi diém két thic di (due time-deadline): Thoi diém ma tac vu phai hoan thanh.

Ci

A

|-y
-

ri wi

F>-% 3.7 Bie. 75 thue hién mot tac vu

= Lap lich (scheduling) : k¢ ach ! oa viéc thuc hién céac tac vu theo thoi gian.
a) Phan loai lap lich, cac Ty ~rgc phan ra lam hai 16p theo nhu cau thoi gian, 1a :
1. “hwéng /O (1/0 bouna, 5 nghia TT sir dung nhiéu téi /O va st dung nhiéu thoi
gian dé doi két qua 1/0;
2. “huéng CPU” (CPU-bound), 13 16p TT yéu cau nhiéu thoi gian CPU.

O cac HPH da nang, ciling c6 cach phan biét khac theo 16p tng dung nhu:

- Lép TT tuong tac (interactive), tuong tac thuong xuyén véi user, do d6 chi phi nhiéu
thoi gian cho nhén ban phim, hay chuét. Khi co6 dau vao TT phal thirc day that nhanh, thoi
gian tré trung binh 1a 50 dén 150 ms, néu qué chéan, user co hé co van dé; Cac ung dung
nhu soan van ban, shell, d hoa (tal tao hinh anh) thudc 16p nay;

- Lép TT xur 1y 16 (batch), khong can c6 su can thiép cta user, va thuong chay nén
(background). Do khong can phai co dap tmg nhanh, nén thuong khong duoc xép uu tién
cao, Vi du loai nay 1a céc trinh dich (compiler) hay co cdu tim dit liéu (database search
engine), cac tinh toan khoa hoc;
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- TT thoi gian thyc (real time), c6 yéu cau rat khic khe, khong bao gior bi can trd boi cac
TT mtc vu tién thap, cAn dap tng thoi gian that nhanh, va quan trong hon ca 1a thoi gian
dap tmg chi duoc thay dbi ¢ murc t6i thiéu. Cac tmg dung nhu video, 4m thanh, diéu khién
robot, thu nhit sd liéu vat 1i thude 16p nay.

b) Cdc gidi thudt Idp lich c6 nhiéu va theo nhiéu tiéu chuan. M6 hinh dudi day trinh bay
mmojt sb giai thuat 1ap lich & hé thoi gian thyc:

Lap lich th&i gian
thuc

Han chét cirng Han chét mém

A

Chu ki Khong chu ki

4N |

Chen ngang Kh?ng‘hen Chen ngang Shonglchen
a ngang
tinh dong tinh ‘ dsng tinh dong tinh dong
L

Hinh 3.8 Phan logi cadc giai thuat lap lich thuc hién tac vu

v’ Lap lich han chét mém thuong dugce thuc hién thong qua md rong mot sb chire nang cua
hé diéu hanh. Vi du nhu cung cip cac mirc vu tién cho viée kich hoat cac tac vu hay goi
hé théng. Han ché mém ty than n6 khong chira dung nhiéu yéu td c6 tinh quyét dinh, thoi
gian xac dinh c6 thé xé dich v6i dung sai (c6 thé dang ké) hay tinh nhay cam thoi gian
khong quan trojnh 1am (less time-sensitive).

v Lap lich han chét cirng lai rit nhay cam véi thoi gian (more time-sensitive). Ding han
phai thyc hién/hay két thiic khong thé kéo dai, sai han dinh s& dan téi hau qua (nghiém
trong).

v’ Chen ngang (preemptive): giai thuat dugc str dung néu c6 tac vu ndo d6 co thoi gian thuc
thi qua 1au, né co thé bi tac vu khac ngit hay néu mot sy kién bén ngoai can thoi gian dap
ung ngfin, su kién do s€ ngét su kién khac.
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v' Khéng chen ngang (non-preemptive): giai thuat gia dinh rang céac tac vu sé thyc hién cho
téi khi hoan tat. Nhu vay néu c6 mét tac vu thuc thi qué lau, thi dap ung cho céc su kién
ngoai s€ lau.

v’ Quay vong két hop mirc wu tién (Co-operative Round robin Scheduling): Str dung qui tic
quay vong theo murc uu tién giam dan. Trong mbi mirc wu tién co thé cé vai tac vu dong
murc. Vi quay vong it hidu qua trong RTOS, nén khi dung can két hop v6i co ché chen
ngang thi mdi dat hiéu qua: T1 quay vong va bi T4 mdi chen ngang:

Cao Chen ngang | " T4 hoan tét
Uutién i /
T4

|
X |
Thap [ Taskt | Task2 | Tasks [ 71| ey

v

Hinh 3.9 Quay vong n_hop wu tién. 7 chen ngang

Vi¢c tinh muic vu ti€n cua moi ti7 - trinh dugc  1rc-hién theo mot trong s cac thuat toan
sau:
- Rate monotonic: tac vu n* “ng dién . thrrong xuyén cang dugc uvu tién.

- Deadline monotonic: t..vu 140 cang gap, c6 thoi han cudi cang sém cang dugc vu tién.
- Least laxity: tac vu nao « ty 1€ thoi gian tinh todn/thoi han chét (deadline) cang 16n
cang duoc uu tién.

v Ldp lich tuan hoan / khéng tudn hoan (periodic and aperiodic): Tac vu s& thuc hién ctr
sau mQt don vi thoi gian, goi 1a tac vu tuan hoan. Nguoc la la taic vu khong tuan hoan va
c6 ddc diém 1a s& thuc hién vao cac thoi diém khong du dodn trude duge.

v Ldp lich tinh (offline): Viéc 1ap lich duoc thyc hién dua trén cac hiéu biét hodc du bao vé
cac su kién tac vu thuc hién trong hé thong (thoi diém xuat hién, thoi gian thuc hién, han
chot u6ce tinh (deadline) va duoc quyét dinh tai thoi diém thiét ké va duoc 4p dung cb
dinh trong sudt qué trinh hoat dong cua h¢ théng. Céc tac vu duogc khoi dong ¢ céac thoi
diém da lap trong mot bang trude do, module phan phdi (dispacher) khoi dong tac vu
theo chi dan trong bang. Module phan phdi dugc kiém soat bai cac bo dinh thoi (timer),
dua module vao thuc hién phan tich bang lich dé kich hoat tac vu dang thoi diém. Mot hé
thong bi giam sat boi timer goi 1a time trigged (77 system).

Viéc 1ap lich trude c6 mot s6 cac vu diém sau:
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- Téac vu tiép theo c6 thé duogc lua chon thyc thi trong khoang thoi gian 1 hang sb
- Kha ning dap tmg yéu cau thoi gian thuc c6 thé dugc biét trude va duoc dam bao
Nhuoc diém:

- Khong thé thay ddi lich trinh thyuc hién ctia hé théng trong qua trinh thyc hién
- Poi hoi phai co thong tin thoi gian chinh xac vé céac tac vu dé tinh toan 1ap lich.

Mot thuat toan 1ap lich tinh duoc goi la t8i wu néu no ludn ludn c6 thé tim duge mot lich didu

phéi thoa man cac rang budc da cho trong khi mot thuat todn tinh khac cting tim  dugc mot 101

giai.

v

v

v

Lap lich dong (online): B x1r 1y thuc hién viéc 1ap lich trong qua trinh thuc thi (run time)
dua trén co s& cac thong tin hoat dong hién hanh ~ua hé thong. So dd 1ap lich 1a khong
xé4c dinh trudc va thay doi dong theo qua trinh “nuc hién. Lap lich dong linh hoat nhung
t6n thoi gian tinh toan dé ra quyét dinh va eing  »0ng c6 “nhén thirc” t&i bdi canh tong
thé nhu cac yéu cau tai nguyén, sy phu‘nuoc giita = tac vu. O cac HTN cac bdi canh
téng thé thoi duoc dinh hinh Iic thidt ke Vi du 1a la, lich kiéu Earliest deadline first
scheduling and Least slack time se’ieduling.

Lap lich tap trung hodc phan t'n (¢ -tralized / a stributed): 1a cac giai thuat 1ap lich chay
trén mot hay vai CPU ctia mAt indy.

Ldp lich Mono hay Mul“-procc sor: Giai .auat 1ap lich trén cac CPU don 1€ hay trén
nhiéu CPU. Loai giaithu. ~na: trién khai trén cac hé thong lién két, cac hé théng c6 thé
1a ddng nhét (cting loai CPU ay khong dong nhit (nhiéu may, cac mdy c6 loai CPU
khac nhau) ing dung d¢é thao ta nhiing dich xac dinh (target specific) c6 thoi gian rang
budc. St dung ap dung trén cac hé théng hon hop hardware/software, trén d6 mot sb tac
vu chuyén cho phan cting thuc hién.

Céac nhan HPH dugc diéu khién theo co ché ngat thuong thuc thi co ché lap lich khong chen

ngang (dymnamic nonpreemtive) dong , trong khi loai hat nhdn HDH van hanh theo qua trinh lai

thue thi theo co ché chen ngang dong (dynamic preemptive).

Trén co s& d6 bo 1ap lich s€ phai thyc hién bai toan téi uu ve:

v
v
v

Thoi gian dap Ung (response time)
Hiéu sudt thuc hién (sd luong cong viéc thuc hién xong trong mot don vi thoi gian
Su cong bang va thoi gian cho doi (cac tac vu khong phai chd doi qua 1au)
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Vi du bai toan 1ap lich:
Scheduling Function

A real-time system had to execute four tasks J1, J2, J3, J4 with arrival times and deadlines shown
in the

following table. The scheduling function (t) observed is shown in Figure 6.

Jl | Ja | Jy
arrivaltime | 0] 4| 2 4
deadline 9110171 13

[ 1

it
! ! 1 1 ' 1 [ [ 2 [ i [ \ i i i
1 1 1 1 L] L L) " L) ’ [} [} |} ]
1 1 1 1 L L) L] L] » ' |} |} ]

4 S S PR P P . A ) R
oo ] | | : P
| i i i § [ . [ i i
I | i ] ] 3 [ 1 I i
i i i i i i i i i
i i i i [ y i i i

3 ----:--- - 3 - .; ---:--- T -:----:----
1 1 1] » [} ] 1
i i i [] [ [} i i
! o . ) o
i i i i [] [ [} ] ]

2 peedeeede-- =%t —--—--fr--{---4---p--+---
i i i | i 1) [] [} ] ]
i ] Y ] T i i i
i i i i [ ] [ I [} i
1 (] i ) i [ ] [] [} ] ]

1 VAN NN D70 N N AN I [N SN L SN SO AU S S S A
i 1 i ) ‘ i [ [ ] [ I ] ]
1 1 1 1 ] i 1 [ ] [ ] [] [} ] ]
i i ] ] ] T - - i i i
1 1 1 1 (] ‘ i 1 [ ] [ ] [] [} ] 1
1 1 1 1 1 4 1 [ ] [ ] L] [} ] 1

u 1 1 1 1 1 1 '] L '] L 1 1 1 - t

D01 2 3 4 4 7 & 0 2 12
Determine

a) the maximum lateness,
b) the tasks’ laxities, and
¢) the processor utilization for this schedule.

Is the schedule feasible? If not, try to modify the scheduling function so that the schedule
becomes

feasible.
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Solution - Task 4

The lateness of a task is the delay of the task completion with respect to its deadline (note that if
the task

finishes before its deadline, its lateness is negative).

The maximum lateness is of the task J2 = fi — di = 12 — 10 = 2 (task J2 is the only task that
violates

the given constraints).

The laxity (or slack time) is the maximum time that a task can be delayed on its activation to

complete
within its deadline.

The laxities of the tasks J1, . . ., J4 are as follows (1. the tac » below are the individual tasks’

computation

times):
1.X1=dl-al-C1l=9-0—- =5
2.X2=10—-4" =4
3.X3=17-2-4="

4.X4=13-4-3=6

SRS RN
IERERERE

The CPU_Utilization is 13/14 = 0.93.

A schedule is said to be feasible (kha thi) if all tasks can be completed according to a set of
specified constraints.

The scheduling function suggested in the exercise, (t) is thus not feasible (the task J2 does not
meet its

deadline).
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Figure 7: Violation in the old scheduling function

The schedule can be modified in order to complete the execution of all tasks before their

respective

deadline. One (of several) feasible scheduling functions is'wapicted in the figure. Figure 8: New

scheduling function

£n
1

= B{ giam sat dinh thoi (watchdoy .umer): 13 dong hé thoi gian ciing (dung cac bo dém dién

tir)

véi cac g dung sau day:

Lam dong ho thoi gian thuc (real time clock-RTC) cho hé théng;
Khoi dong/ khoi dong lai mot sy kién sau mdt thoi gian dat trudc;
Tao khung cura s6 thoi gian cho mdt sy kién;

Phan giai khoan thoi gian gitra 2 su kién;

Cho canh chung.

hay hé thoi gian mém (lap cac gia tri dém cho mot bién chwong trinh), cac thao tac

tang/giam gia tri dém thuc hién béng lénh may, do d6 phu thudc vao CPU clock (mdi loai
CPU c6 clock khac nhau).
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RESET
Dinh th&i CPU .
(watchdog-WD) RS
. . CPU
RST-out
RESTART WD

A
CLOCK

Hinh 3.10 M6 hinh nguyén li cho WD

Ché canh ching s& thuc hién mot tai khai dong (reset) hé théng hay mot hanh dong (xur 1y),
hay kich hoat mot xtr 1y hiéu chinh néu chwong trinh chinh bj 15i, khong tién trién duoc do
mét diéu kién nao do khong thé dat duoc trong khung thoi gian dy tinh (chuong trinh bi
treo). Trong cac hé thoi gian thuc, trong d6 c6 HTN, ché canh chung rat quan trong, dugc st
dung dé tu dong khoi dong lai mot ing dung nhung hay thdm chi ca hé¢ théng vé trang thai
ban dau ma khong c6 sy can thiép ciia con ngudi. Zrong cic CPU nhing ta thdy c6 vai bd
dém thoi gian (specialized timers) ctng, dat cé2 g *tri khac nhau cho cac img dung quan
trong, ma trong khung thoi gian d6 ung durg hai ke huc hay phai dua ra dugc dap tng,
néu khong (kha ning ¢ su bat thuong) ¢y ung s& duo. ho canh chimg khoi dong lai tir
dau. Cac hé c6 cai trinh gbi roi sé ghi‘ial vao b 'wru trit dac bict dé hd tro khac phuc su cd.
C6 thé timer mém cho cac tmg dvrig  +6i han (crn. ul) hon.

Vi du watchdog timer 13 mé* 4ém (co. ter) cimg/mém vdi x bit, voi dau vao co tan sb
dém f, thoi gian dat vao~ 3 dém AT, sau 7 don vi thoi gian, bo dém dat gia tri dat (hay tu
gia tri dat kuif vé 0). Néu saw. 231 gian d6 ma bo dém khong dugc tai khai dong, hé théng s&
bi khéi dong lai.

Vi duy : gia dinh mot phan mém, c6 c6 vong ldp chay trong 25 micro gidy, hay véi dung sai
t6i da 1a 35 micro gidy dé thuc hién xir Iy. Dung mot mot watchdog timer c6 dau ra nbi vao
mot ngat khong che (NMI), hay vao chan RESET ciia CPU. watchdog timer duge nap mot
gia tri 50 micro gidy, néu sau thoi gian d6 phan mém vong lap khong két thuc, dau ra cua
watchdog timer s& kich hoat RESET, khoi dong lai hé thong. Néu vong lap két thic voi
trang hai binh thuong, watchdog timer s& dugc nap lai gié tri cho mot chu ki mai.

HTN I2 loai hé théng con nguoi khong thé giam sat hoat dong thuong xuyén, do vay cho
canh chimg 1a giai phap néu hé théng bi treo (Ii do ....). Cé nhing truong hop néu phan
mém c6 18i nghiém trong, ch6 canh chimg c6 thé s& loai (disable) phan mém d6 khong cho
chay nira.
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Giai thuat voi watchdog timer:

M&di tac vu khac biét thuc thi bdi mot “main loop”, néu két thic hoan hao, dit co trang
thai 1én (Flagi set = TRUE). T4t ca cic main loop thuc hién tdi da trong 35 micro gidy. Sau
vong cudi cung 1 doan ma kiém tra :

Néu tit ca cac Flags déu 1a TRUE, khéi dong chu ki watchdog méi (50 micro gidy), néu
Flags = FALSE, ghi nhan su cd va dat tat ca Flags = FALSE, watchdog khong duoc khoi
dong lai (kick the dog) trong thdi gian 50 micro gidy, dau ra ciia bo dém watchdog sé& kich
hoat RESET hé théng.

A Main loop code:

main()

{
Call(Set Twd);

Task1()
{ A

N y
;=LAG=(TRUE/FALSE);
Al sS=

} If (/AIFLAGs=0K)

Task2() Call(reset Twd);
{ Jmp mainLoop
. }

Trask . ?Ise
F \G=(TRU /FALSE); Log error;
} reset System; WD reset CPU
H

Taskn()
FLAG=(TRUE/FALSE);
H

}

\{

Hinh 3.11 Giai thudt voi giam sat dinh thoi (cho canh chung)
Poan ma
if (all flag are OK)
{
Call(Reset Twd); //H¢ hoat dong binh thuong,
//dat moi gia tri 50 micro gidy co watchdog
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Jmp mainloop; //Tré vé chu ki méi;

}
else //néu thue hién doan code nay co nghia
/fcounter sé vupt 50 gidy an dinh Sxung dau ra sé RESET CPU.

{

Log eror; //Record failure

Reset System; /WD reset CPU
/

Vi du tao mot watchdog timer:

Bai toan: Phai reset timer ctr sau x don vi thoi gian; 1éu ki ag timer s€ phat sinh tin hi¢u
overflow (dung dé khoi dong lai hé thong cimg< SSET hay ¢ ngat).

Str dung: Phat hién 16i hé théng thoi gian “agc sau x « 2 vi thoi gian; hay ty RESET hé théng cu
sau x don vi thoi gian.

- Vidu véi may ATMA<ut . 1ty dong ener 16 bit, thoi gian rat tién t6i da 1a 2 phat,
- Vi 16 bit, dém ris, “hant. 0 > 65.535 trong 2 phiit ta co:
Tox =2*60*1000(ms), .535 = 0,54 ms =D =1/0,54 ms= 1,85 KHz

N N&i vao chan
ddAao »  prescale »  scalereg » Timereg —>» (cpy hay st
ong ;

dung nhu mét
ngat

checkreg

Giai thuat:
/*main.c*/

Main()
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Wait until card inserted;
Call watchdog reset_routine;
while(transaction in progress)
{
If(button pressed) {
Perform correspondding actions;

Call watchdog_reset routine;

}
/* Néu sau 2 phut Call watchdog_reset _r<utitie khon, “ich hoat sau t <2 phut,*/

/* thi interrupt_service routine s€ k’cn hoat.

watchdog reset routine()

{
/* Kiém tra néu checkreg = 1, nap gia tri vao timereg: Nap 0 vao scalereg, va gia tri*/
/*¥65.535 vao timereg*/
checkreg =1;
scalereg = 0;
timereg = 65.535;
b

Void interrupt_service routine()

183



XAy dung cac Hé thong nhiing

eject card,

reset screen;

C6 rat nhiéu ki xdo st dung vé&i watchdog timer khi thyc hién mdt hé théng cu thé.

=  Truyén thong giira cac tién trinh (Inter Process communication — IPC)
bé dé)ng bd chay cac chuong trinh hé diéu hanh thuc hién mot s co ché dé d@)ng bo thuc
hién céc tién trinh, bao gdm:

1) pipe (duong 6ng): khong tén, FIFO: ¢o tén;

2) théng diép (message): cho phép cac TT g7 cac khuodn dit liéu c6 khuon dang t6i bat
ki TT nao;

3) ving nhé chia sé (shared memory) ~ac TT chia * mdt phan khong gian dia chi ao
cua minh;

4) ddanh tin hiéu (semaphore):<ac TT dung 2 dong bo viéc thuc hién.

Ghi chii: Phan nay lién quan'to. "6 di2u hanh, nén khi hoc nén xem lai Li thuyét Hé diéu hanh
da nhiém, dac biét RTOS

3.2.2 H@ thong thoi gian thyc

Khai niém hé thoi gian thire khong ddng nghia véi khai niém hé xtr 1y toc d6 cao, xur 1y nhanh.
Néu ta cho rang, phai 1a cac ing dung diéu khién co yéu cau thdi gian tinh toan rit nhanh moi
goi la diéu khién thoi gian thuc, thi mgt cau hoi s€ duogc dat ra la: nhu thé nao méi duoc goi la
nhanh? Ta c6 thé théng nhét 13, ¢& mot vai micro-gidy la rat nhanh, tuy nhién néu mot vai chuc
micro-gidy thi sao, mot trim micro-gidy thi sao? Néu mét trim micro-gidy méi goi 1 nhanh, thi
101, 102, ... c6 nhanh khong? Céc hé diéu khién véi chu ky trich mau 5ms, 6 ms, 7ms c6 duoc
goi 13 hé thoi gian thuc hay khong? Tdc do khong phan anh thoi gian thuc nhung dé cé dic tinh
thoi gian thye thi phy thudc rat nhiéu vao téc do. Tdc do cang cao thi sai sé cang nho va cang dé
thuc hién céc tac vu thoi gian thuc.
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C6 thé nodi don gian hon, tinh thoi gian thuwce la khd ndang ddp kip thoi va chinh xdc.

= Dic diém ciia hé thoi gian thue

v’ Tinh bi déng: Hé théng phai phan (mg v6i cac sy kién xuat hién vao cac thoi diém thuong
khong biét trude. Vi du, su vuot nguong cua mot gia tri do, sy thay dbi trang thai cua mot
thiét bj qua trinh phai dn dén cac phan tmg trong bd diéu khién.

v’ Tinh chudn xdc chirc nang va chinh xdc vé thoi gian: Céac chic ning phai duoc thuc hién
chudn xéc. Céc tinh toan, xir 1y phai cho ra két qua trong mét chu ki thoi gian di xac dinh
truge. Chinh xac vé thoi gian s& cho phép hé dwa ra dap tmg mot cach kip thoi. Tuy tinh
chinh xac thoi gian 12 mot dic diém tiéu lich, nhung mot hé théng c6 tinh ning thoi gian
thuc khong nhat thiét phai co dap ung that nhanh ma quan trong hon 1a phai c¢6 phan @mg
kip thoi ddi véi cac yéu cau, tic dong bén ngoai.

Hay khdo st cac vi du sau day dé 1am rd yéu t6 thoi gian trong hé thong thoi gian thyc:

ts 1a thoi diém mot sy kién xay ra tir thiét bi va t/~ dong toi hé thong;
T 13 khoan thoi gian thue hién cac tinh toa, x 1y tir ts t&i tp dé c¢6 dap Gmg dau ra.
tp 14 thoi diém ra dap ung.

Ta s€ ¢6 cac truong hop sau day:

a) Dép Gmg dung theo yéL. cau ta : dap ung chinh xac.
b) Dép mg xay ra treng . 0an <tpq, 22>,

c) Dapimgxayra ~ngk! odn <ts, tp>.

d) Déapungxayrato., “hotdi...

Swken  Piap ing Sy kién  Pap ing
T T
| | >
15 p Is tp1 tp2
i :I ) :I
S kién Dap ang Swkign  Déap ing
T T
ts 4] Iz i
c) d)

Hinh 3.12 Sy kién va dap vng
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C6 thé con cb cac phan tich khac dé cép toi thoi diém phai dua ra dép Gng cho tac dong
cta su kién, qua day ta thiy rd hon yéu cu vé tinh thoi gian thuc ctia hé thong thoi gian
thue: chinh xac (a), chinh xac twong ddi (b, ¢) va twong ddi 16ng 1éo. Nhu vay khi ap
dung, ta c6 cac thiét bi ghép ndi ma dic thu ki thuat chic chén s& roi vao cac trudng hop
trén, gitip hinh thanh chién thuat xr Iy. O mo hinh trén khung thoi gian T 14 yéu t6 quan
trong, vi d6 1a khung thoi gian khong thé nho hon duge khi xem xét trén mot HTN thoi
gian thyc, tuy nhién T khéac nhau cho cac hé théng khac nhau. Giai phap cho T phu thudc
vao lwa chon thiét ké phan cing (dic biét 1a toc d6 cua CPU) va ki ning viét phan mém
hé thong va phan mém tmg dung.

v’ Tinh dong thoi: Hé théng phai c6 kha ning phan tng va xtr Iy dong thoi nhidu sy kién
dién ra. Vi du, cing mot lac mot hé théng trong vai tro 1a mot bo diéu khién PID, dugc
yéu cau thuc hién nhiéu vong diéu chinh, gidm sat ngudng gia tri nhiéu dau vao, canh
gidi trang thai 1am viéc ctia mot s thiét bi khac

v' Tinh tién dinh: Dy doan trudc dugc thoi gian suan Ung tiéu lich, thoi gian phan tng
cham nhat cling nhu trinh tu dua ra cac dap iy Vi dy, néu mot bo diéu khién phai xir 1y
ddng thoi nhiéu nhiém vy, ta phai tham gi. quyc. *inh duoc vé trinh tu thuc hién céac
cong viéc va danh gia duoc thoi gian . 7 mdi cong  4¢. Nhu vay nguoi s dung méi
c6 co s& dé danh gia vé kha ning d4) uag ti. - thoi gian thuc cta hé thdng.

= Xir ly thoi gian thuc

Xir 1y thoi gian thyc 13 hinh thos'xu * thong . *=ong mot hé thong dé dam bao tinh ning thoi
gian thyc ctia n6. Nhu vy, x4 = thoi ian thuc cling ¢ cac dic diém tiéu lich néu trén nhu tinh
bi dong, tinh chuin xac, thoi gian nh xac, tinh dong thoi va tinh tién dinh. Dé ¢ thé phan tng
véi nhiéu su kién dién ra cung mot lv. 716t h¢ théng xu 1y thoi gian thyce st dung cac qué trinh
tinh toan dong thoi.

Qua trinh tinh toan 1a mot tién trinh thyc hién mot hodc mot phan chuong trinh theo tuan
tu do hé diéu hanh quan Iy trén mot may tinh, c6 thé ton tai dong thdi véi cac qua trinh khac
ké ca trong thoi gian thuc hién 1énh va thoi gian xép hang chd doi thyc hién.

Céc hinh thuc t6 chirc cac qua trinh tinh toan dong thoi:

v Xt Iy canh tranh: Nhiéu qu4 trinh tinh toan chia sé thoi gian st dung cia mot bo xir 1y.
v’ Xir Iy song song: Cac qua trinh tinh toan dugc phéan chia thyc hién song song trén nhiéu
bd xir Iy cia mot may tinh.

v’ X Iy phdn tan: Mdi qua trinh tinh toan duoc thuc hién riéng trén mot may tinh.
Trong céc hinh thtc trén day thi hinh thtrc xt Iy canh tranh c6 vai trd chu chdt. Mic du hé thong
diéu khién c6 thé c6 nhiéu tram, va mdi tram c6 thé 1a mot hé da vi xir 1y, s lugng cac qué trinh
tinh toan can thuc hién thudng bao gid ciing 16n hon sd luong vi xur 1y. Trong khi mot vi xir 1y
khong thé thuc hién song song nhiéu Iénh, n6 phai phan chia thoi gian dé thuc hién xen ké nhiéu
nhiém vu khac nhau theo tht tu tuy theo mirc vu tién va phuong phap lap lich.
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= Phan loai hé thoi gian thuc
Nhu trinh bay trén thi hé thoi gian thuc c6 tinh rang budc thoi gian va moi xur Iy déu c6 thdi han
chot (deadline). Viy thoi gian & ddy qui chiéu theo cach nao ? Gidng nhu trén mdy tinh noi
chung ta c6 hé thoi gian thuc mém (soft real time system) va hé thoi gian thuc cing (hard real
time system). Hai loai hé thoi gian thuc nay khac nhau & chd nao, d6 cach danh gia su dung sai
cua thoi han chét, tinh hitu ich cua cac két qua tinh toan sau thoi han choét, va su danh gia ngat
nghéo khi roi vao thoi han chét. Vi hé thoi gian thyce cirng, mure do dung sai cua thoi han chot
1a rat nho co thé bang khong, cac két qua tinh toan sau han chét khong ¢ gia tri, do d6 nhimng
phat sinh sau han chét dugc coi 1a tham hoa. Trong khi d6 dung sai & h¢ thoi gian thuc mém la
con sb khac khong, cac két qua tinh toan sau han chot lai co6 tinh chit khiu hao, cho nén gia tri
ctia két qua vao lic di qua han choét van c6 ich.
v’ hé thoi gian thue cing: 1a hé ma dung sai t6i han chot xdp xi bang khong. Noi cach khac phai
dung thoi diém néu khong sé& 13 tham hoa. Cac tiéu chi hé thong nhu sau:

- Phai dam bao khong dé bat ki mot sy kién t&i han (critical event) ndo bi sy ¢b trong bét ki

hoan canh nao cua hé théng;
- Do tré dap ung cho sy kién rat nho (xét theo tiag 1 imng dung);
- Cac su kién c¢6 tinh chu ki phai dugc dam Fao thuc hig  4ang chu ki.

Khi thiét ké hé ndy can tinh dé két qua tirli toan c6 ¢ ~c trudc han chot trude khi hé phat ra dap
ung.

v’ hé thoi gian thire mém: 1a hé phai aop the ~ian nhung han chét ¢6 tinh mém déo. Nhu vy
han chot c6 thé c6 nhiéu murc, Xan ch. véi thor _ian T wdc tinh véi tri trung binh, xac xuét dap
g dua ra nam trong cac muc . kha. nhau véi do tré trung binh va chap nhan duoc. Tuy khong
gay ra tham hoa hé thong nhung p. ' tra gia khi do tré hé thong ting ty 18 thuan tuy thudc vao
tmg dung. Can c6 co ché bu trir dé loai .ctr d6 tré nay.

(

v’ real time computing:

» the objective is to meet the individual timing requirement of each task

= correct behavior depends on both (1) correct computation and (2) time at which
results are produced

= system that must react within precise timing constraints to events in the environment

» characterized by a deadline

= should be predictable (when the timing constraints cannot be met, this must be notified
in advance, so that an alternative (scheduling) plan may be planned, and possibly
avoid the catastrophe)

» real time applications

» the most important features timeliness, design for peak load, predictability, fault
tolerance, maintainability.
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v' Difference between Hard and Soft Real-Time Systems
Hard Real-time systems

A real-time task is said to be hard, if missing its deadline may cause catastrophic
consequences on the environment under control. Examples are sensory data acquisition,
detection of critical conditions, actuator servoing.

Soft Real-time systems

A real-time task is called soft, if meeting its deadline is desirable for performance reasons,
but missing its deadline does not cause serious damage to the environment and does not
Jjeopardize correct system behavior. Examples are command interpreter of the user interface,

displaying messages on the screen

A hard real-time system guarantees that critica’ tas. complete on time. This goal requires
that all delays in the system be bounded from he retriev.. ~f the stored data to the time that it
takes the operating system to finish any requc “made of it A soft real time system where a
critical real-time task gets priority ove: other task. =nd retains that priority until it completes.

As in hard real time systems kernel uelw.. need to be sounded

)

H¢é thoi gian thwe gin lién . % tvung lai ciia cac hé thong nhing. Cac HTN trudc day don
gian, nhu cac thiét bi hoat dong ¢ lap (automous device), cé chu ki séng dai. Tuy nhién
ngdy nay, cong nghiép nhing da tr. nghiém mot sy chuyén d6i manh mé véi cac s6 liéu nhur
sau (bdo cao cua Gartner Group):
v/ Chu ki phat trién trén thi truong nhanh chéng, chi trong vong 6 dén chin thang;
v' Toan cau héa da dan dén xac dinh lai thi truong va khong gian ing dung;
v Kiéu két n6i cac h¢ thong co day va khong day, tré thanh khong thé thiéu ¢ cac thiét bi
nhling;
v Céc thiét bi dién tr ngay cang tinh vi;
v’ Két ndi cac HTN 1a linh vuc ung dung mai va phu thude vao ha téng mang (LAN,
Internet, Extranet, ...);
v' Tbc @6 xir li ngay cang nhanh theo ti 1¢ transitor trén chip theo dinh luat More: tong s6
transistors/vi mach tung gap doi ctr sau 18 thang.
Tt ca nhiing diéu d6 véi hé thoi gian thyc s& lam cho HTN c6 dic tinh “xir sy chinh xéac
theo thoi gian thuc”.
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3.2.3 H@ diéu hanh thoi gian thue (RTOS)

Hé diéu hanh thoi gian thyc (Real-Time Operating Systems RTOS), 14 loai hé diéu hanh hd tro
dé xay dung céac hé thong thoi gian thuc. Pac biét RTOS duoc diung trong nhiing tmg dung dién
toan nhiing co tai nguyén bd nhé han ché va yéu ciu ngit nghéo vé thoi gian dap tmg tirc thoi,
tinh sin sang cao va kha ning tu kiém soat mot cach chinh xac. RTOS xuét hién & hai dang:
cing va mém. Néu tinh ning xtr 1y ing voi mot su kién nao d6 khong xay ra hay xdy ra khong
da nhanh, RTOS ctng s& chdm dut hoat dong nay va giit khong gy anh huong dén do tin cay va
tinh sdn sang ctia phan con lai ctua hé thong.

Vi RTOS va HTN tré nén phd bién trong cic Gmg dung quan trong, cac nha phat trién thuong
mai dang tao nén nhimg RTOS méi véi tinh sén sang cao. Nhitng san phidm nay c6é mot thanh
phan phan mém chuyén dyng lam chirc ning canh bao, chay cic chuong trinh chan doan hé
thdng dé giup xac dinh chinh xac van d& truc tric hay tu dong chuyén ddi sang hé thong du
phong. Hién thoi RTOS sin sang cao hd trg bus Compact PCI cia t6 chic PCI Industrial
Computer Manufacturers Group, bus nay dung cho phar-cung c6 thé trao doi nong.

RTOS c6 rat nhiéu dang. San pham thwong mai nl r VX ~rks va VxWorks AE, déu ciia Wind
River Systems Inc; VxWorks AE duoc thiét ké< 4i tinh sén . 1e.cao, hd tro kha ning giri thong
diép phan tan va c6 thé chju 16i. RTOS cho.ép L. trinh viér tach biét thu vién dung chung, dit
lidu va phan mém hé thdng ciing nhu Gms tung.

LynxOS Ia loai RTOS cung, lam viéc véi Ui - va Java. QNX chay trén bo xu 1y Intel x86 véi
nhan chi c6 10 KB.

RTOS cua gidi nghién ciru gdm « “Chimera cta Pai hoc Carnegie Mellon. Pay 1a hé thong da
nhiém, da bo xur 1y thoi gian thuc, a. = thiét ké dé tao su dé dang cho cac nha lap trinh trong
viéc tai cAu hinh va tai st dung ma. Chiimera nham vao cac hé théng r6 bd va tu dong. RTOS cua
Dai hoc Maryland, c6 tén 1a Maruti, hd tro cho ca ung dung thoi gian thuc cung va mém.

Trong nhiéu nam, img dung dya trén RTOS chu yéu 1a trong cac hé thong nhing cong nghiép va
moi gan day thi chung da c6 mat khap noi, tir thiét bi y té dugc diéu khién bang camera anh cho
dén may pha ca phé, nhitng ing dung tinh toan phan tan, dic biét trong cac thiét b truyén thong,
dang thiic day cac nha phat trién hé diéu hanh thyuc hién nghién ctru va phat trién cac chuan.

Nhu di n6i, RTOS tao diéu kién dé xay dung cac hé thoi gian thuc, tuy nhién né khong dam bao
chic chan rang két qua cudi cling sé 1a thoi gian thyc; diéu d6 phai duoc cai tién trong phan mém
tng dung. RTOS khong nhit thiét can phai ¢ tinh xuyén sudt cao, ma RTOS cho cac tién ich,
néu sir dung chinh xéc, thé c6 thé dam bao thoa méin duoc yéu té han chot (deadline) boi dic tinh
thoi gian thuc mém hay thoi gian thyce cung. RTOS str dung giai thuat 1ap lich dic biét, cung cép
cong cu cho nguoi phat trién hé théng kiém nghiém cac tap tinh cua h¢ théng dich. RTOS duoc
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danh gia vé kha ndng cho dép trng nhanh mtrc dg nao, kha ning tién li¢u dé phan ing vdi cac su

kién riéng biét, chtr khong phai 1a sd luong cac tac vu xir 1y duoc trong mot khung thoi gian. Yéu

t6 then chét trong RTOS 1a thoi gian cho xir 1y ngat tdi thiéu, va thoi gian chuyén ddi thyc thi

(context switching) giita cac tac vu 1a tbi thiéu. Yéu t6 thir hai ngay nay dat dugc véi hd tro cia

cac CPU doi méi toc d nhanh, kién trac hién dai, can it CPU Clock hon dé chuyén dbi giira cac

tac vu, vi du nhu kiéu dudng dng (pipeline), hay da ludng.

Cic yéu ciu co ban trén mét RTOS

Cic thao tic rang budc véi théi gian phai du tinh dwge. Moi dich vu cia HDH
ngudng trén ciia thoi gian thyc hién phai duge dam bao. Trong thuc té c¢6 nhidu ngudng
du tinh, tuy vao loai su kién hé thooang chép nhan.

RTOS phai quan li chi phi thoi gian chay tic vu va lap lich dé chay cac tac vu.
RTOS chiu trach nhiém vé cac han chot cua céc tic vu, dé trén co sé do su dung gidi
thuat, ki thuat lap lich phu hop, vi du c6 thé 1ap-Z,eh kiéu ofline, khoi dong tac vu theo
thoi diém hay theo muc uvu tién, hodc theo ¢4 =idi thudt online. Cung cép cac dich vu
thoi gian phai c6 dd chinh xac cao, vi du ¢ ¢ hé éng dién d(‘Sng bd thoi gian gilra cac
nha may dién & cac viing cach xa nhau #/ » theo mii g sai s6 16n 1a rat nguy hiém.
RTOS c6 toe do xir ly nhanh. Bé& tanh . 4 ndng dw doan, RTOS phai nhanh, c6 kha
nang hd trg cac ung dung c6 thé' ~ian han che chi 14 vai phan cia gidy dong hd. Nhan
ctia RTOS con goi & nhan thd gian e, quanai tai nguyén hé thong (bo nhé, CPU, cac
bo dinh thoi). Cac co ché2. ¢ nhan “Ang can co. Tuy nhién & mtrc d§ hé théng ung
dung vo li do nhu an == W, tint ddc lap co thé c6 co ché bao vé. Vi du, cac thiét b mang
1a cac HTN, c6 RTOS phe. =& Iy mot khdi luge rat 16n thong luong, duge bao vé boi cac
phan mém mang riéng biét ni. lad img dung 16p trén HDH.

Hinh 3.13 RTOS nhan thoi gian thuc va RTOS da nang

Co hai kiéu RTOS:
(ng dung ng dung
Phan mé&m trung gian Phan mém Phan mém trung gian | | Phan mém trung gian
trung gian
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v HPH RTOS da ning: cac TDKTB c6 thé 1a ndm trong nhan, Cac phan mém trung
gian, tng dung & 16p trén va két ndi vao nhan qua giao dién 1ap trinh API -GHT,
ngét mém.

v RTOS v6i nhéan thoi gian thuc: cac TDKTB khong phai 1a thanh phan nhing
trong nhan, dugc dat trén nhan va chi c6 cic TDKTB can thi dua vao hé théng.
Céc phan mém trung gian va ung dung dit ngay trén cac TPKTB, chir khong
thong qua API nhu HDH da ning. Diéu nay 1a rd rang va hop li, vi cac thiét bi ndi
tryc tiép vao hé thdng dé nhan diéu khién tryc tiép thiét bi, ddm bao chi phi thoi
gian 1a it nhat.

v O day co su khac biét khi cai dat TDKTB, cac tac vu s& thao tac cac thiét bi, chu
khong phai cac thiét bi hop nhét trong nhap»é duéu hanh, do vay sé&:
= Cai thién tinh tién dinh, dy doé: (predictability), vi moi xir li déu di qua
bo lap lich;
= Cac TPKTB dugc thiét ¢ cho timg thoi gian thuc, hhieju chinh cho
16p ing dung h¢ thuc 'én.

(Device drivers 1ana A by tasks .nstead of integrated drivers:

»  [mprove redictab. 'y, everything goes through scheduler;
" “pr, ctive y no device that needs to be supported by all versions

of the 1S, except maybe the system timer.)

(Def.: A real-tin.e operating system is an operating system that supports

the construction of real-time systems.)

V' Three key requirements:
1. The timing behavior of the OS must be predictable.
The services of the OS: Upper bound on the execution time!
RTOSs must be deterministic:
* unlike standard Java,
* upper bound on times during which interrupts are disabled,
* almost all activities are controlled by scheduler:
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Hinh 3.14 Module ldp biéu ciia nhan HPH
2. OS must manage the timing and scheduling
* OS possibly has to be aware of task deadlines,
(unless scheduling is done ¢ line).
* OS must provide precis’ time services with high resolution.
3. The OS must be fast
* Practically imps ‘ant.

Chirc nang chinh ciia nhan R7 S la quan . *“ainguyén CPU, bd nhd, quan 1i tac vy,
I/0, thyc thi lién lac giita ca< tién  ‘nh, 1ap licn, mic wu tién, thoi gian, du doan tinh

{ Nhan TROST

hudng su kién.

Lap  X&li Dich TPDKTB Quanli Dinhthoi, knéi Chuyén SR |PC

lich 16 vuhé bonhe taotrd  dong  dOitdc
(sche thong tac vu vy
duler)

Tin Liéu Semaphore Hang  Théng dng  Socket
doi  diép mang

Hinh 3.15 Cdc chirc nang nhan RTOS

Trong qa trinh phét trién HTN véi RTOS cén tién hanh g& rdi md, va thir nghiém :
v Céc chirc nang thuec thi da tac vu (C hay C++);

v' DPdng ho dinh thoi mém (software timers);
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DPdng ho dinh thoi cimg;

Cho canh ctra (watchdog);

Module lap lich;

Diéu khién chen ngang;

Ngit;

Ghép ndi thiét bi ngoai va cac module TDKTB;
Cac chuc nang IPC;

N N N N N N NN

CAc chtrc ning xir 1y 16i;

<

Thir nghiém phan mém trung gian ding dé gé rbi nhing trong hé thong.

* Cac RTOS
Cac RTOS J

PSoS,
Tw tao RT.OS tee mic. =, 0S|I \ﬁﬁvzﬁﬂ‘f
LP te Linux (Free ~re) WinCE, Palm,
i, |

Hinh 3.6 < “c hé diéu h nh RTOS

= HTN thoi gian thuc
HTN c¢6 thé duogc tad . h k.i ¢6 phan cimg nhing va phan mém hé thng 1a RTOS.
Méi quan hé giita hé thoi gian thuc 4 HTN nhu hinh duéi day:

/ / \ \

//’ //’ N \\
f Ly

Hé théng nhung | thoi | Hé thoi gian thyc

\ L gian | i
A\ ‘\‘thl_.l’c // /

\ \ ,/ /

\. N \\)// / d

Hinh 3.17 H¢ thong nhiing thoi gian thyc

Hinh cho thay rang khong phai tat ca HTN déu 1a HTN thoi gian thuc va nguoc lai khong phai
tat ca hé thoi gian thuc 1a HTN. Va phan chung chinh 1a biéu dién cua HTN thoi gian thiee.
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Con c6 cac HTN khong thoi gian thuc, va HTN thoi gian thuc duge xay dung trén hé
théng khong thoi gian thuc. Cac HTN kiéu nay twong ddi phd bién cho cac ung dung nhing
khong doi hoi qua khit khe vé dic tinh, hay cAn dép Gng nhanh. Dé xay dung cic hé nhu vy
can c6 nhitng lya chon phan ctng c6 toe do xtr Iy dt nhanh, RAM du 16n, dap tng cho tmg dung.
Phan mém hé thdng khéng phirc tap nhung hiéu qua chay trinh cao. Vi du cac dong PC 104
nhung trén thi trudng phd bién chay v6i HPH DOS 6.4 ciing thoa mén cho nhiéu 16p tng dung
nhting, hay chay v6i Linux nhan 2.2 khong thoi gian thyuc cling 1a lya chon hop 1i.

= Mot sé Hé diéu hanh thuong mai va ma ngudn mé:
pSOS+ 248
pSOS+ kernel 248
pSOS+m multiprocessor kernel
pREPC+ runtime support
pHILE+ file system
pNA+ network manager
pROBE+ system level debugger
XRAY+ source level debugger
0S-9
VXWorks
VRTX-32
IFX
TNX
RTL
RTscope
MPV
LynxOS-Posix conformance
QNX
Windows NT
QNX 4 RTOS
Windows CE and embedded Linux.
Palm OS
Windows CE
MS-DOS or DOS Clones
Linux, including RTLinux and MontaVista Linux and Unison OS

Linux Easysbox
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3.2.4 Hé thoi gian thwe khong c6 hé diéu hanh thoi gian thue

Phan nay ban tdi viée thiét ké va phat trién mot cach xur i thoi gian thyc viée thu thap, sép
xép cac dir liéu khac nhau trong bdi canh tranh chdp ngudn tai nguyén hé théng. Tirc 13 bai toan
v6i cac hoat dong dit liéu thoi gian thuc ma khdng c6 sir dung phan mém tinh xdo nhw RTOS dé
giai quyét. Vi du nhu diéu khién 6to ngay nay: ldy méu di liéu tir nhiéu ngudn khac nhau khi xe
chay, luu, xtr li, hién thi, ... C6 nhiéu phin mém may tinh xtr li cai trén 6 t6, nhu diéu khién
dong co (engine management unit (EMU)), hé thdng diéu khién strc kéo trong su lién quan t6i
chuyén dong cta 4 banh xe... EMU tuong tac v6i cac thanh phan qua cong véi tée do 19,2
kbaub... hay tinh xem loai may tinh nao co6 thé sir dung trén 6 t6, du manh dé thuc céc tac vu
nhu vay. D6 1a pham tru phén cung, mot HTN du manh vay.

= Chon méi treong phin mém (software environment)

Vay bit dau tir ddu voi bai toan nhu trén ? Thong thuong ta thiét ké phan cimg, phat trién

phﬁn mém, cai dat, thi nghiém, sua ddi ...cai dat thir chay .... Tuy nhién c6 mot thuc té 1a

cac thanh phan phan mém nhu hé diéu hanh, chuor trinh dich thi khong thé thay doi va c6
thé phu hop voi phan cimg. Trong thyc t& mot cuy. dinh thong minh 1a phai c6 su hai hoa
tinh téi ca phﬁn cing va phﬁn mém, sau d6 whas mém 5 tht tu vu tién cao nhit. Tai sao ?

C6 gi quan trong hon néu ta ding mdy tinh « iéu va kié. 'soat mot hé thong thyuc ? va cau

hoi tiép theo: HDH nao s& 1a phan mém he thon_ mhu 1 tmg vién ? RTOS nao do6, MSDOS

hay Windows CE ... ? Can 1 ph?a . *m thoi gia thuc thoa méan cac thong s6 han chot

(deadline) d¢ duy tri qua trinh 14y miu a. 'iéu, thong qua truy nhap truc tiép céng ghép ndi

(song song) va phai don gia~, on ¢ 1h. Cac k. ~a ngay lap tirc ¢6 v€ s€ chon RTOS, tuy nhién

RTOS dit va s& str dungihe 40 ¢ phét trién & HTN dich. MS DOS ¢6 sin va co ban 1a cho

phép truy nhap phan ctimg de  >ng, trong khi MS WINDOWS kénh cang, khong thé truy

nhép tryc tiép phan clmg va twong 51 phirc tap v can trd viée truy cap lam qua tai ngudn tai
nguyén, do vay khong hop, trir kh1 dugc xay dung méi (WINDOWS CE). Vay su lua chon &
day 1a MS DOS cung véi cong cu Borland C khong phi, 1a thich hop, mac du ca hai ¢6 vé cu
ki, nhung kha nang con rat tiém an. Bo bién dich Borland C ¢6 hé thu vién hé tro truy nhép
cap thdp va phan ctig va khai thac cac trinh chay & BIOS. Vay MS DOS c6 thé thay thé cho
mot RTOS ? Cai nay tiy thudc vao sy chuyén nghiép cho hé dich phat trién. Noi vay dé nhic
t6i dac diém 1a MS DOS chi thuc thi mot luéng tac vu, cho du c6 thé goi céc thu tuc va ph?m
mém c6 cu trac modular, thi van chi ¢6 1 thuc thi ma thoi. Néu phai can toi da luéng thuc
thi thi day la van dé kho ! Nhung c6 mot viéc 1a: hay ‘gdi’ cac da tdc vu d6 vao mot tac vu
don ! (WINDOWS 1a da tac vu, nhung khong phai 1a thoi gian thuc, nhung néu khéo t6 chirc

cac phan mém chay phéi hop (co-operate) va chia sé thoi gian xt 1i v6i nhau, thi c6 thé xu li

thoi gian thyc dugce. Tuy nhién néu khong duy tri dugc ki thuat nay, hé théng s€ bi roi loan vi

cac tranh chip khong thé diéu hoa dugc, vi du nhu mét tac vu doc quyén CPU trong thoi gian

quéa dai, khong dap tmg dugc yéu cau han chét (deadline), cac tac vu chi ¢ thé thoat bang
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hét han (time-out) dé tranh bé tic hé thdng). Dudi dat thir ban vé mot sd giai phap dé thuc
hién thoi gian thuc hoa mdt hé khong thoi gian thuc.
= Chuyén héa hiéu niing thoi gian thwe sang hé khong thoi gian thwe. Trudc hét hiy
phan loai dac trung thoi gian thuc can thue hién va sau d6 xac dinh muac do nang lyc xu li
can thiét. Nhéc lai 1a thoi gian thuc c6 nghia tic vu phai hoan thanh trong khung thoi gian da
dinh (hang gidy, hay phat). Hiu nhu van dé c6 tinh t6i han (critical) thwong la é cdc tic vu
thu thip dir liéu, khung thoi gian xu 1i dit liéu gitra hai 1an 14y mAu va diéu nay lai phu thudc
vao tdc do 1y mau. Vay thoi gian tdi thiéu cho tac vu nay 13 bao nhiéu. Mot tinh toan khac 1a
tdc d6 cua CPU: CPU sé thuc hién bao nhiéu 1énh gilra cac lan léy mau dit liéu, mdi 1énh chi
phi bao nhiéu CPUc g va qui ra thoi gian toan bd. Vi du véi CPU 80386 chay & CPUcrk =
30MHz (Terk= 33 ns), toc d6 1y mau 1a 30Hz (t= 33ms), thi giita 2 1an 14y mAu s& trdi qua
10° Terk - Néu 1 1énh may mat 10 Terk, CPU ¢6 thé chay 100.000 1énh. Cho mot tac vu cu
thé nao do, co thich nop ? Néu OK, CPU khong nam trong vén dé, va nguoc lai tbc d6 CPU
chua théa man.
= Chon phin cirng. Chon mot phan cimg khon c6 kho khin. Nhitng bo vi diéu khién
(microcontroller) khong phai 13 lwa chon do cé/din. hudng thiét ké, vi cac chic ning gidi
han, do bd nhé nho, toc d6 cham. Bo mach r 18y tinh (b. ~d micro-computer board) s€ 1a lua
chon phu hop vi c6 bd nhéd mé rong, cd.thic. i luu trir n_ovai da dang (dia mém, dia cung,
USB) @& luu dir liéu cho cac nhu cav Lnéng ké, , An tich. Cac bo mach nay lai rat nho, ciu
trac modular, d& bd sung, vi du lo<i F< 104 chuan « ung nghiép (nhu da gidi thidu & chuong
1). Hon nita 1 kha ning cai dat c4c phan 1. .
= Lap lich ldy miu dir FZu. Vi thu thap utr liéu thuong ki trong nhiing khoan thoi gian
cb dinh cho céc chu ki 1dy 1. "1 13/thong thuong & cac hé théng ¢ dinh thoi. Co nghia 1a cac
chu ki 1ay mau phai kién dinh s. cho thoi gian 13y dit liéu khong bi sai 1éch, nhu vay dir liéu
s& dung nhu hoai vong (tirc dit liéu Lung cac thoi diém can ly). C6 thé c6 nhidu ki thuat dam
bdo bai todn nay, vi du: chuong trinh léy dir liéu cho chay tu do, con s6 liéu thu duge sé duogc
so sanh va hiéu chinh véi déng hd dinh thoi léy mau, hoic phﬁn mém hiéu chinh thoi diém
léy mau chinh x4c hon sau khi 1am buéc trude do, tie co du doan khi nao s& ¢ sd liéu, thi
chuan bi 14y mau. Tir d6 chu ki 1dy mau s& duoc tinh sau bao 1au thi ldy sé liéu va du doan
khi ndo ngudn sé& co dit liéu. Tuy nhién cach nay ciing c6 mot vai van dé:
v Chuki léy mau s& khong giéng nhau tor mot h¢ nay sang hé khac va phu thude vao
tdc d6 CPU, diéu khién cong ghép ndi voi ngudn dir lidu.
v/ Thoi gian 1dy mau phy thudc vao xtr li mau va chu ki 1dy mau s& bién dong va c6
anh huong t6i d6 chinh xac mau lay dugc.
v Khi dé cap to1 hién thi két qua, dac biét 1a gia tri tic thoi s€ cd su chénh I¢ch thoi
diém (bi tré).
v' Pé khic phuc, viée str dung ddng hd thoi gian thuc (real-time clock- RTC) trong
hé théng 1am diém qui chiéu 1a can thiét, dic biét khi 1ap biéu. Cac PC, PC 104 ...
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déu c6 ddng hod nay va dung cach goi ham s& nhin duogc cac gia tri biéu dién & cp
ms, 1a rat chinh x4c cho céc su kién thuc. Poc duge thoi diém hién tai, so sanh
v6i thoi diém trude do, xac dinh thoi gian d3 troi qua. Néu thoi gian nay bé hon
chu ki 14y mau, doc lai, so sanh... Néu thoi gian d6 bang voi do dai chu ki, luu
thoi diém nay lai, chuyén diéu khién t6i code 1ay miu. Chu trinh nay sé& duoc lap
lai trong sudt qua trinh ldy dit liéu. Tuy nhién giai phap nay c6 thé s& co chénh
1éch thoi gian néu chu ki 14y méu tinh bing ms, RTC tra lai ciing 1a ms ! Pay 1a
cau hoi dung cai gi do cai gi ! Noi cach khac néu RTC tra lai ns, chic s& tot hon.
Hay néu chu ki 1dy mau tinh 1a gidy, vai gidy, thi s& tt hon. Néu déng hd RTC
cua may tinh khong du d6 phan giai do d6 khong phai 1a Iua chon, thi c6 giai phap
khac s& dugc sir dung: Co ché ngat (DOS INT: INT 15 - AH = 86h SYSTEM -
WAIT (us) may AT,XT2,XT286,CONV,PS) dua tac vy vao trang thai “ngu”
(sleeep) hay “doi” (wait) mot thoi gian, sau d6 danh thirc khi thoi gian can di dat
gié tri. Thoi gian tinh s€ qui vao 1énh, tinh theo us, cho nén c¢6 dd chinh xéc cao.
Chu ki thoi gian sé tinh cho ting hé cu #i¢. Giai phap khac 1a dung dong hd phan
cting doc 1ap (timer) phat sinh ngit t'co « =+ ki dé 1dy mau dit liéu, ¢ day can viét
code xur li ngit can than va tdi uv dé ¢o thé x thuc sém trude khi sang ngat moi,
khong 1am qué tai CPU cho cAC ta. u khac ! (N zoai ra DOS con c6 mot ngit béo
thoi gian hé théng, xay ra .2 lan/gia. <18.2 Hz ), ciing 13 giai phap cho cép nhat
dir ligu.
. Li'iy mau dir lidu. bé léy di* I1du, can  -a chon ki thuét ghép ndi tir cac cam bién vao hé
théng. Co vai ki thuat co ban, @6 I 1t liéu du ¢ chuyén vao khi cac bo bién dbi da chuyén tur
tuong tu sang sb. Viéc chou ‘1yc§ 1 s6 liéu vao hé c6 anh huong rat 16n toi thoi gian léy dir
lidu toan phan. Truyén thong co “¢é 1a ndi tiép (serial line), song song (parallel-bus), sau do
1a cach kich hoat chu trinh phan m. .n: chu ki (polling) theo ddng ho nhu trinh bay & trén hay
chii dong qua ngat mdi khi dir lidu da san sang ¢ dau ra ADC. Déi v6i nhan dir lidu ndi tiép,
thuong dir li€u da c6 dinh dang kiéu 201 voi ) byte nhét dinh, viéc nhan cac byte lién tiép
phu thudc nhiéu vao tdc do thu/phat, c6 hay khong co ddi thoai va khi hé 13y tir nhiéu ngudn
(cam bién) dir liéu theo kiéu polling, chi phi thoi gian s& 1a van dé 16n. Pdi véi cac CPU tde
d6 cao, viéc nay co thé giai quyét dugc. Trong khi ding ngét, can code & mirc thap dé nhan
biét sd hiéu vector ngit, kich hoat chuong trinh xtr li ngat (ISR). Dung ngit c6 thé nhan ca
khung dir li€u, nhanh hay cham la do bén phat dir li¢u. Cac UART hién tai thé chay toi
115000 kbaud va dé thich tmg can mot FIFO nhan dit liéu dii 16n. Viée quan 1i FIFO sao cho
khong bi tran va hoat dong tréi chay, dac biét vdi polling khi can luu nhiéu mau dit liéu tur
nhiéu ngudn. Khi viét code cho polling, can debug dé tranh cac sy ¢6 khi khai thac FIFO.
= Mot sé luu y.
v’ Sai s tinh toan thoi gian do phan mém thuc hién thong qua céc phép bién dbi hé
co s (vi du dua vao sb hexa, tinh toan 1a sb nguyén ...), sai sd tich liy khi 1am
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tron & cac phép tinh sd hoc. cascv chwong trinh dich thuong dung cac phuong
phap tiém can gan ding nén sai s rat dang ké. Dé tranh sai s, can thuc nghiém
cac gia tri can c6 dé nap cac thong sd chudn cho cac ham tinh toan thoi gian.

v' Dir liéu bi x40 tron cling ¢ thé xay ra. Vi vay trudc mot chu trinh léy mau dit liéu
méi, can lam sach bo dém (FIFO), kich thuéc bd dém du 16n dé tranh bj tran dir
liéu, quan li con tré vao by dém phai that chinh xéc, tranh bi dao 1on thir tu cua dir
li¢u. Céc thao tac x0a, tai khoi dong phai thuc hi¢n dung vi tri. Khi sir dung bd
dém FIFO nhu cac hang doi gan cho céc tac vu riéng bi¢t, viéc truy cap doc/ghi
phai chinh x4c Gmg vé6i cac ngudn cung cip (sensortADC+UART) dit liéu vao.

3.3 PHAN MEM TRUNG GIAN (middleware)

Trong gi6i han nhat dinh, phin mém trung gian (goi tit PMTG) la bt ki phan mém nao khong phai 1a
phai ctia nhan HDH, TDKTB hay phan mém tng dung. Nhung ciing c6 mot sé HDH hop nhat PMTG vao
HPH (nhung khong vao nhan HPN !), nhu hinh 3.2 da d& cap. Vi du véi cac HPH may dé ban, rat nhiéu
PMTG c6 sin khi ban HPH (cac dich vy, mang, Sun einbedded Java, Microsoft's .NET Compact
Framework, CORBA ciia Cty Object Management Grour' (v *G) ... va da hop nhéat voi HPH, mang lai
cho ngudi dung c6 ngay cac tién ich khi st dung. Phir, mém . »g gian khong hop nhat vao phan mém
mg dung, 14 dé chia sé str dung cho nhiéu ung dvi_ 1ong thoi, he +4i sir dung & cac moi truong HPH
khac nhau.

Trong HTN, PMTG duogc coi nhu phﬁn min . +h(‘)ng, ma vi 1 co thé theo cac mé hinh sau:

= "
Application Layer Applicatizn Layer
i Application Layer
System Software Layer System Software Layer
Middleware Operaling System System Software Layer
Operating System | Middleware |j Middleware
Device Drivers Device Drivers Device Drivers
Hardware Layer }; Hardware Layer }_z Hardware Layer };

Hinh 3.18 Vi tri cua PMTG o HTN

Trén hinh ta nhan thdy PMTG giéng nhu cau ndi giira cic phan ném khac cta phan mém hé thong, cung
cap cac dich vu cho cic phin mém tmg dung, nhu: an ninh h¢ thong, két néi mang, tryén thong cuc bd
gitta cac ung dung trong hé théng, mang lai sy linh hoat khi trién khai cac ung dung. V&i vi tri “trung
gian”, cac PMTG lam giam déng ké tinh phtrc tap ctia céc mg, vi cac tién ich di c6 sin va chia sé ngay
trong PMTG. Tuy nhién khi dua PMTG vio hé thdng ciing 1a ting thém mot 16p xép chdng, cé tac dong
dang ké vao tinh mé rong, hidu ning cua cac HTN, vi PMTG tac dong vao tit ca cac 16p phan mém khac.
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C6 nhiéu kiéu PMTG, nhu PMTG huéng thong diép (message oriented middleware (MOM)), méi gié dbi
tuong (object request brokers (ORBs)), thu tuc goi tir xa (remote procedure calls (RPCs)) , Truy nhép co
so6 di liéu ( database/database access) va cac 16p giao thirc mang (networking protocols). Tuy nhié khi
phan loai c6 hai tap hop co ban:

v Pa ning (general-purpose): dugc cai dit trén nhiéu HTN khac nhau, vi du giao thirc mang, may
Java a0 (JVM). Hai thanh phﬁn nay déu c6 trén cac thiét bi mang hién dai. nhu router,
Concentrator, Switch, cac thiét bi dang SOHO,...

v’ Xac dinh (market-specific): danh cho cac yéu cau riéng biét cho cac HTN riéng biét. Vi du
PMTG trén cac may thu hinh ki thuét sb6 hd tro két ndi mang TCP/IP, dugc xép trén HPH va
JVM.

Céc PMTG thuong 14 san pham ciia riéng cic cong ty, cho cac HTN ctia cong ty ché tao va co ban quyén
sO hitu tri tué. Cling c6 mot sb 1a phan mém méi ngudn mé duge hd tro boi cac t chirc cong nghiép sir
dung theo gidy phép GPL, vi du Linux va cac PMTG chay véi Linux.

Vi du cac PMTG trong cac HTN

Tty vao pham tri tmg dung va qui md xdy dung, HTN ¢#'t. .c6 PMTG ciing c6 thé khong. Dudi day 1a
cac vi du cac HTN can c6 PMTG, nhu & céc thiét bi.t, 1yén ti. g ndi mang, thi cic module va thiét b
mang 13 can thiét:

i TCPIPModel | ;. OSIMode !
i i z
T » .
i [ :
! . ——N i
! ' Transport Ly, or i Application Software Layer
! ALl i
i [ Application Layer [ i
; -
; 5
i i
i i
T i
i i
i i
E ! System Sofiware Laver
i
i i
i i
i i
i i
! i
. i
i i
i i Hardware Layer
]
g :
! i

Hinh 3.19 M6 hinh cac lop mang theo TCP/IP, OSI va anh xa vao HTN
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Lé6p 4, 3, 2 cia md hinh OSI dugc dit trong 16p phan mém hé thdng, nhung khong thude nhan HPH
nhiing. Cac 16p 5, 5, 7 thudc phin mém tng dung, 16p 1 thudc thanh phan phin cimg.

Ngay nay hau hét cac tng dung WEB d& c6 su hd tro cia Java, cho nén & cac HTN déu c6 vai Java
Virtual Machine.

3.4 PHAN MEM UNG DUNG

Phan mém ung dung chinh la myc dich dé chay trén HTN. HTN duogc tng dung & nhiéu linh vuc
khac nhau, do d6 cac g dung 1a rat cu thé, va dugc phét trién boi nha ché tao ra HTN. Vi du
trong cong nghiép ché tao cac thiét bi cho tu dong hoa, robot,... cdc HTN c6 nhiing bai todn
riéng dé giai quyét, tirc 1a phai phat trién phdn mém cho bai toan do.
Vi du HTN kin: dé mét bo chuyén mach mang (switch) hoat dong dugc, ngoai mot ph?m mém
nhan diéu khién, PMTG mang, can phat trién cac module nhu:

- Chuyén goi dit liéu va/ra & mot cong;

- Quan li buffer vao/ra ciia mdi cong;

- Truy van dia chi MAC trong géi dé tim cong dav. »:

- Chay phan mém chon duong di tir cong v toi cong .

- Pibu khién déng cac cong tic trong ma t1, ~cong tic di . tir tao ra dudng ndi tir cdng vao

dén cong ra;

- Cap nhat MAC vao bang co sg-uu *u theo cu . ic cac MAC thudc mot céng;

- Quan tri thong lugng;

- Kétnbi v6i he thdng quad tri ¢ 2 giao thu SNMP véi tu cach 1a Agent;
Vi du khac HTN mé: trong “ngdi . 4 thong minh”, cac HTN kiém soat cac khu vuc véi cac tac
vu cu thé, sau d6 s& ndi vao may chu , & dinh va may chi gia dinh ndi Interrnet. Login vao may
cht qua mdi truong tng dung WEB, chil nha c6 thé kiém soat nha minh (qua video), hay ra 1énh
thuc hién mot cong viée nao do trén mot HTN nao d6. Va ta c6 mo hinh sau day:

Syatem Software Layer
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Hinh 3.20 Cdc vig dung WEB trong HTN, dat ¢ 16p phan mém irng dung.

Phan mém tmg dung & day 1a cic phan mém lién quan toi Internet: Web server, Navigation, e-
mail, Video-On-Demand ...

Phat trién PMTG va phan mém ng dung nhiing 1a dé tai nim & phan khac, & day khong

dé cap chi tiét.

3.5 KET CHUONG

Chuong 3 d& cap nhiing van dé co s¢ caa phin mém hé thong bao gdm:

Trinh diéu khién thiét bi (TPKTB). Trong khi chwong 2 d8& cap t6i cac giai phap ghép ndi
thiét bi ngoai vao hé thong, thi phan nay dé cap toi cach nhin nhan mot sd nét dic ta va
céc budc khi viét chuong trinh diéu khién thiét bi. TDKTB 1a phan phat trién doc lap trén
céc phan cimg cu thé, hop nhat v6i phan mém hé thdng va phan mém tGng dung dé truy
nhap va trao doi dir liéu giira hé thong véi cac thiéti ngoai.

Phdn mém hé thong. Phan mém hé théng duos 10 ta thong qua cac bude: gidi thiéu cac

khai niém co ban khi st dung mo ta vé HDH  DPiac « °t 1a HPH da trinh, moi truong phén

mém hé théng duoc cai dat phé bién trong< ‘c HTN. Ca. rh2i ni¢n nay rt can thiét khi viét

chuong trinh tng dung cho HTN, cac s dung  4c ham ckuc ndng cia HDH thong qua API

kiéu 1oi goi ham (GHT). Nhiing vap< 2 lién quan . ‘b2 thoi gian thyc, nhitng dac thu co ban

khi dé cap t61 hé thoi gian thuc< ung ¢ dugc mo.a. Trién khai mot hé thoi gian thyc trén

mat h¢ thong nhing yéu cau " 2 gidi ha vaviéc chuyén hoa phan mém hé thoi gian thuc

1én hé théng nhung tao ra< 6t hé 1 dng nhing thoi gian thuye.

Phan mém trung gian va ; :n mém vmg dung. Sau khi c6 TDKTB, phan mém hé thong
va viét cac phan mém ung oy HTN da c6 thé hoat dong. Tuy nhién khi HTN nam
trong mot tong thé hé thdng 160 hon, thi mot 16p phan mém khac, doc lap, dung chung 1a
can thiét, d6 1a cdc phan mém trung gian. Cac phdn mém trung gian c¢6 xu hudng tiéu
chuan hoa, mé, nham tao co so dé lién két, két ndi cac HTN lai voi nhau, vi du nhu mang
may tinh. C6 nhiéu phan mém trung gian cé thé tich hgp vao HTN, phu thudc vao nhu
cau va thyc té trién khai. Cac phan mém tng dung 1a thé hién “mém” cac y tudng khi
thiét ké mot HTN va d6 chinh 1a 1i do phat trién HTN. HTN tng dung cho muc dich gi,
can tao ra phan mém tng dung cho HTN d6, chinh vi thé sé lugng, chung loai, qui mo,
mirc do “théng minh” ngdy nay rét 16n, va phat trién rat nhanh.

3.6 CAU HOI CUOI CHUONG
1.Néu dinh nghia TDKTB.

2Pua cac md vao md hinh cho thay vi tri cia TDKTB nam ¢ dau trong kién triic hé thong (
HTN khong ¢c6 HDH, HTN c6 HPH).
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3. Néu ra cac churc nang cua TBDKTB.

4. Trong cac CPU hd tro nhiéu ché d6 hoat dong (user mode, supervisor mode), thi TDKTB
chay trong ché do nao ? Tai sao ?

5. Té)ng két cac dic ta vé hé thoi gian thuc
6. ng két cac dic ta vé hé diéu hanh thoi gian thyc (RTOS).

7. Thé nao 1a chen (preemptive) ngang trong hé da trinh ? Cho vi du cta hién tuong chen
ngang.

8. Gidi thich hoat dong cua tién trinh theo mo hinh trang thai cua tién trinh.
9. Thé nao 1 han choét (deadline), ki thuat giai quyét han chot nhu thé nao ?

10. Lap lich 1a gi trong cac hé da trinh? Ung dung lap lich trong hé thoi gian thyc nhu thé
nao ?

11. Néu cac quan diém dé thuc hién 1ap lich.

12. “Cho canh chung” 1a gi ? Pong vai tro gi trong b uwdi gian thuc ?

13. Thiét ké mot giai thuat cho cho canh chimg v41« » diéu kién gia dinh tuy ¥.
14. HTN c¢6 can ché canh chimg, cho di HTM cohay ki »e ¢6 hé diéu hanh ?

15. HTN chay doc lap, khong c6 su gidp=.sat ¢ > con nguo.. Néu hé bi “quén”, lam sao thoat
ra tinh trang d6 ?
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Chwong 4 THIET KE VA CAI PAT CAC HE THONG NHUNG

Nhitng van dé k¥ thuat lién quan t6i HTN dé duoc trinh bay ¢ cac chuwong trude, dic biét 1a phan
cing va nhirng khai niém vé phﬁn mém, TDKTB, phﬁn mém hé théng, cac phﬁn mém hd tro nhu
PMTG, va phin mém tmg dung. Chuong tiép theo dua ra mot sé y tudng thiét ké cac HTN, va
phan cudi 1a cach thiét ké phan cung va cai dat phan mém cho mot HTN.

Nhimg diém quan tam khi thiét ké HTN bao gom:

= MOt hé véi cac thanh phan hop thanh:
Processor
Memory
Peripherals
= H¢ tich hop:
Microcontroller
Expanded microcontroller
Microprocessor based
Board based
=  Phan mém:
Phan mém hé théng
Phan mém tng dung nkang, “c giai thua tng dung nhing.

4.1 THIET KE HE THON

HTN hop nhit cic thanh phan pi. 2@mg va phdn mém va ngudi phat trién HTN phai c¢6 ky
nang & ca hai chi dé nay. Cac ky‘nang gom kha ning thich Gmg va cach tiép can co tinh hé
thng, dé dua ra mot quyét dinh thiét ké trong khi phai lwa chon cac phan cimg khac nhau
cho mg dung nhiing xac dinh. Cac phan ctmg phd bién hién nay bao gdm hé théng xay dung
trén CPU vi dy kiéu vi diéu khién (MCU-microcontroller) hay CPU xt li tin hiéu (DSP-
digital signal processing) va cac hé théng phan cting kha lap trinh (PLD-Programmable
Logic Device, CPLD-Complex Programmable Logic Device), mang cac phan tir cong logic
kha trinh (FPGA-Field Programmable Gate Array).

Phan tich qui trinh lya chon phan ciing: Viée quyét dinh chon phan cing cho HTN di ra
tir nhitng kinh nghiém c6 duoc tir cac du an va cac hiéu biét c6 tinh chuyén gia cua linh vuc
HTN va con chiu anh hudng cta nhiéu yéu té khac. Trudc tién, phan clng phai c6 thé thuc
hién duogc cac chirc ning mong mudn dit ra boi cac yéu cau thiét ké. Cac thudc tinh phan
ctg khi xac dinh cac yéu cau gdm pham tru cac chirc niang - sé luong cac chirc ning, kich
thudc cua cac ciu tric dit liéu, co thé thuc hién trén phén cung va néu co tinh thoi gian thuc
thi d6 12 hiéu ning - thuc hién cac chirc nang nhanh dén murc nao. Con mot sd yéu cau khac
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khong mang tinh chtrc ning nhu: do tin ciy, bao tri, tiéu dung ning luong, kha kiém tra hé
thng va canh tranh trén thi trudng.

Qui trinh chon phan cimg: Két ndi gitra chat luong cua hé théng véi thude tinh phan
cting. Céc thudc tinh phan cimg dugc trinh bay nhu hinh duéi déy:

H¢é thong thudc tinh phin cirng: Phan cing nhing thong thudng it ¢ tinh chuan, do cac
16p tng dung da dang. Tuy nhién c6 mét sd yéu cau chung duogc ap dung:

~— robustness |

[ dependability }—H reliabilty |
' ‘—| security |
/—| maintainability

— ' adaptabilit

modifiability )—f - .

|
|
— —{  scalability |
|

attribute L —
reusability | _ configurability

testabil”, |

perfc,. nce

funct, ‘nnal ra. =

time-to-market |

“ma. Blablllt)r'
cost |
mounting space |

syst._ Jualities
power consumption |

Hinh 4.1 Cdc thudc tinh chung ciia phan cimg ciia mét HTN

Thudc tinh cic chire ning phin cimg:

Functional
range
I

[ | I ]
Memory and/or Integrated "o Abstraction
chip area peripherals capabilities capabilities

I I

I ] I ]
static dynamic HW- Hierarchy
abstraction
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Thugc tinh hiéu niang:

Performance

I

]

Clock Architecture
frequency processing unit
T
[ [ | |
Bit width Available Grade of Integrated
instructions parallelism peripherals
Thudc tinh kiém tra dwoc phin cing:
“ Testability “
|
| |
Debug [le]
support capabilities
Thudc tinh thi truwomg ciia phin cv g:
Markctability
|
1 = | ]
Time-to- Availability
market target HW Cost
| 1
[ | ] | |
General Expertise Exte'rnal Cost target Cost
development development design HW development
effort team support environment
|
I ]
CO?t Cost
compiler, _

; programming
simulator, :
debugging jand debugging

hardware
tools, ...
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Thudc tinh tai sir dung ciia phén cirng:

H Reusability

[

]

Device
families

Abstraction
capabilities

|

]

Hierarchy

HW-

abstraction

Thudc tinh chit lwgng ciia phin ctimg hé thong:

System Qualities

[ 1
Mounting I_. er
Space consu, ‘on
I —T
I 1 28 | 1
Necessary Package

external circuits

Thudc tinh ddc 1ap cia phan o5

Mure

Hardware

I
Silico Clock
sirt |_ leguency architecture

Dependability
I
| |
Riobustriess Redabiity Sacuriy
| l | [ E— ]  ——
Sibicon 1w Package HW Debug Senulaton Formal Memory Encryphon
struciure capabiltos LT support support vaification prolaction hardware
wpport mischanisms
Thudc tinh sir ddi dwoc ciia phin cing:
1 |
ain b nabity Adaptabiity (Configurabality
(fouts) {naw ros)
1 1
[ 1 | [ I | [ 1 ]
Abstraction Package Dabug HNSW (1] Indograted Architechure L] Inbegrated
capablibed fuppon dupandenies capabiliss s als. proCessng urd capabiitey paripheraly
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Khi thiét ké mot san pham dién tir thong minh n6i chung hay HNT néi riéng, c¢6 thé c6 nhiing
diém xuét phat khac nhau va phuong phap tiép can khac nhau, dudi diy dua ra mot trong cac
cach tiép can d6. Co thé tom tit phuwong phap luan thiét ké nhu sau:

Cac thanh phan

phan ctrng Thiét ké phan cirng » Tao phan citrng
(HW)
51'3,2 Dee t:hlf:ﬁg tric |, Thwc hién thiét ké: SR San
chung -Quan tri cac tac vu canh l.J’Cc ,'in phan pham
aé * tranh, . tng nhung
thiét ) -Phan hoach phan ctrng/
W6 ot Chon phan phin mém, A
© mo mém chuén -Déng thiét ké,
o (RTOS, phén -Bién dich, 1ap bién, | Phan mém
ung mém trung -G& réi, nhiing
nhung gian) -

v v ' v
Phé chuan thiét ké, Kié"~ chu. (hi¢u nang. (éu ton nang Iwgng, tin cay,
an toa Mé thong, ...)

Hinh 4.2 Mot k. -ddc ta tién thiét ké HTN

4.1.1 Cac nén tang co ban khi v ung Kién tric HTN
1) Can kién thic tét vé phan cu = (Thiét ké logic, kién trac mdy tinh, kién trac CPU, ngoai
vi, h¢ diéu hanh ...). Hiéu bié. tit va cac thanh phan hop thanh phan cing ctia mot hé
thong nhing, ¢6 kha niang hiéu va kiém soét cac thiét bi ni vao HTN (hinh 3.17).
2) Su tuong tac vai thi truong vao qua trinh xay dung HTN:

v' Nhu cau cia thi trudng anh huéng t6i kién tric cia HTN va khong chi giéi han ¢
ki thuat, cong ngh¢;

v/ Cén nhén ra cac yéu cdu cua thi truong c6 tac dong vao qui trinh thiét ké, bao
gém: ki thuat, xu hudéng thuong mai, anh huong cua chinh tri, xa hoi. DPiém nay
goi 1a chu ki kién trac thuong mai cia HTN (Architecture Business Cycle).

v' Tir nhan thirc cac yéu ciu, dua ra giai phap vé phan ctng/phan mém théng qua
cac budc sau:

- Dinh nghia tap cac kich ban ma tip dé phac thio mdi mot trong nhitng yéu
cau,
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- Dua ra chién thuat c6 thé ap dung cho mdi kich ban, co thé dung dé tao ra
hé théng nhur mong mudn,

- Sir dung kich ban dé phéc thao cac chtc ning hé thdng can co, sau d6 1én
danh muc cac thanh phan phan cing, phan mém thuc hién cc chirc ning
do.

Vi du xay dyng mot kich ban vé hiéu nang h¢ théng nhung:

Py . Ghi nhan lai sé liéu két qua:
ac nguon sw ~ % 2 Ky gm pin
kign téc dong théng suozt, treﬂ, m’at div liéu
vao Hé théng tiv > ...de phan tich

bén trong

Y HTN dang phat trién

Cac ngudn sy
kién tac déng »
vao Hé thong tir Mai trwong phat trién tidéuckuan,

b 3 'ng pt . "
én ngoai mang toc dé cao, nhiét~ . do
r3
am,...

Pap trng cha hé théng:
s kién dwoc xtr li
theo théi gian thuec ...

hiéu nang ctia HTN tir cac

M6 phéng cac tac dong lén
ngudn

Hinh 4.3 Kich ban r=""~"6ng hiéw. ng khi thiét ké HTN

v Pinh ra cic phin cim, »han mém co thé dap tng véi yéu cau cia thi trudng.
3) Pinh nghia mau kién tric (arckitecrute pattern) va mo hinh qui chiéu:

Mau kién trac hé théng hay con goi 1a phong cach kién tric hé thong thuc chat 1a mot
mau mo ta (profile) cua h¢ théng, chira dung cac dac ta khac nhau vé cac thanh phén
phan cing va phan mém, chirc ning cua cac thanh phan d6 bén trong hé thong, mot so dd
bd cuc (topo layout) hay con goi 1a mé hinh qui chiéu, cac lién két giira va giao dién ghép
ndi gilta cac cac thanh phan d6. Cac mau thiét ké duoc tao dya trén phan clng va cac
thanh phan dan xuét tir cic yéu cdu chic ning hay khong chiic ning qua céc thiét ké ban
dau (protopype), cac kich ban hay cac chién thuat noi trén.

Profile sau d6 hop nhét ciing véi cac mé hinh phan cimg, mé hinh phidn mém dé ¢ duogc
mot thiét ké cu thé.

4) Dinh nghia cic cdu tric c6 tinh kién triic
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Tiép theo budc 3) 1a tao ra kién tric cia HTN. Kién trac HTN sé& duoc hinh thanh bang
cach phan dinh toan bd HTN thanh cac thanh phan phan cimg, phan mém, sau d6 cac
thanh phan d6 lai dugc phan dinh d&én chi tiét. Su phan dinh duoc biéu dién boi té hop
cla cac ciu trac khac nhau va cdc mau tao ra ¢ diém 3) ndi trén dugc st dung cho viée
xay dung mat cAu tric co tinh kién trac caa HTN. Mot sb ki thuat duoc st dung phé bién
trong cong nghiép dé thiwjc hién quiu trinh trén 1a Rational Unified Process, hay
Attribute Driven Design. Vi du md hinh “4 + 1”:

Mb hinh “4+1” néi rang nguoi kién trac hé théng co thé tao ra it nhat 5 ciu trac dong
thoi, mdi cdu trac co cai nhin khac nhau vé hé théng. Trong d6 4 ciu trac thu nhan cac
yéu cau khac nhau ctia hé thdng, cau trac tht 5 1a dé phé chuén tinh hop thirc cta thiét ké.

r————"——-- P T
| | | ¥
(T T i Components& T T T T T Timen T T T
Module e 2o | | vatidation:
| I | I | -lagical scenarios
loical [ p 1 Dev lopment splovment | ! -Propcess scenarios
' ogica I ' ' I ' I_ P |_ . <Development scenarlos
E— ]_ — = — -—:--ilr- — _-_Il‘ .......... TFJ -Development scenarios

“Cnh 4.4 Co o <cdu tric kiéu “4+1"

v Cau tric logical 1a c. tric kiéu modul dic ta cac thanh chirc ning phan cimg,
phan mém, méi lién hé twong tic chirc ning giita ching, ma hé théng yéu cau.
Céc thong tin & day s& 1am nén dé xay dung mot hé thdng thyc té;

v' Chu tric process bao gdbm céc cau trac thanh phan va cu trac két ndi, phan anh
tinh tuong tranh va dong bo cua céac tién trinh trong hé thong c6 hé diéu hanh.
CAu triic ndy mo ta cac yéu cau phi chirc niang (nhu hiéu ning, tinh hop nhit hé
théng, ngudn tai nguyén san co, v.v) thich ung cho hé diéu hanh. Bing cach nhin
tir tién trinh, cdu trac nay phac thao ra céac tién trinh trong hé thng, co ché tao
cach 1ap lich, co ché quén tri tai nguyén.

v Cau trac allocation md ta cach anh xa phan cimg/phan mém vao méi truong phat
trién hop nhit (integrated development environment-IDE) vé&i cac cong cu: goi
rdi, bién dich, lién két, st dung cho ngdn ngtr 1ap trinh hgp ngtr hay bac cao (C,
C+).

V' Chu trac deployment 1a mo ta 1am thé nao dé trién khai phin mém vao phan ctng.
Phan nay cho biét cdc phan ctng can c6 khi phin mém dugc xay dung doi hoi:
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thue hién code, xu li dit liéu, téc d6 cia CPU phai dat ¢ murc t6i thiéu, toc do
BUS, téc do trao déi dit liéu ...

V61 mo6 hinh duge dinh nghia nhu trén, thi mo6 hinh c6 phén mém va hé théng co
hé diéu hanh. Kién trac module cho phép ap dung ma khong cin phai biét cac
phan mém nao cé trong hé théng hay ngay ca khi hé khong c6 phan mém hé
théng (nhu mot s6 HTN don gian).

v" Thanh phén “+1” 1a vi¢c anh xa tap cac kich ban quan trong nhét va cac chién
thuat tir 4 céu trac. Pidu d6 dam bao cac thanh phan khac nhau cta 4 céu trac
khong co6 sy xung dot 1an nhau, dan dén viéc phé chuan hé théng.

5) Phan tich va danh gia kién tric va cac pha thiét ké

v Theo hudng tiép can kién trac: kién trac c6 dat cac yéu cau;

v' Theo hudng chit luong thiét ké (chat luong va sé luong): Cac kién truc khac nhau
v6i yéu cau c6 cung chat lwvong nhu nhau. ¥4nh gia xu huéng riii ro hé thng,
hong hoc c6 thé;

v' Hiéu chinh, tinh chinh kién trtc va 4, dung ‘o phén cung, phﬁn mém.

Céc budc nay dugc thuc hién nliu iéu phan ho. »3'1am cho dén luc dat cac tiéu

chi trude khi dua ra san xua’.
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Xac dinh san
A pham

Phan tich cac
yéu cau

Tao kién truc ]

hé théng

Pha 1 i

Phat trién phién ban
kién trac

% N Pwa ra phién
setuoplphan ban kién tric
Version 1...

Xem lai, danh
gia >Phan héi

v

‘ wa ra phién ban cuéi cung

T — N

—T ién hé théng
Pha 2

i Két hop phan .o ‘
\ 4

) N .1ighiém,Xem lai, danh gia Pha 3
->Phan héi

v

San pham Pha 4

Hu. 4.5 Cdc pha thiét ké HTN
6) Viét tai lidu
v Tai liéu vé toan bo hé thong theo cac chuan tai lidu.
v Tai liéu vé timg ciu tric
v/ Tai liéu tong thé vé kién tric hé thong.
4.1.2 Phan hoach thiét ké phin ctrng, phan mém
Tong quan: Cac HTN phan Gmg thoi gian thuc (reactive real-time), hoat dong voi cuong do
cao, 1a cac hé thdng hén hop phan cimg va phan mém, sir dung cac bd vi xtr 1i, vi diéu khién, xir
li tin hiéu (DSP), trong d6 phan mém ho trg tinh mém déo linh hoat, phan ctng phai dam bao
tinh hiéu niang cao. Tir d6 cho thay thiét ké cac HTN 1a déi mit véi cac thach thire nhu: dap tng
thoi gian (cing hay mém) cta hé thdng véi cac su kién, kich thudc, trong luong, tiéu thy ning
luong, do tin cay, gia thanh.
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Céac phuong phap hién dung bao gém viéc dic ta va thiét ké phan mém va phan ctng tach
roi. Mot dic ta thiét ké thuong 1a chwa hoan hao, dugc viét bai ngdn ngir nao d6 va chuyén cho
cacc ki su phan cting va phan mém. Viéc phan hoach phan ctmg-phan mém can duogc luu tim
trudce tién va duogc chép nhan, ton trong, vi bat ki su thay ddi nao & qué trinh nay s& dan tdi cac
thay ddi khac va 1am cho qué trinh thiét ké s& kéo dai. Cac nha thiét ké phai nd luc rat nhiéu dé
moi thtr ¢6 thé chuyén vao phan mém, chi chuyén mot phan cua thiét ké cho phan cimg nham
dam bao théa mén cac tiéu chi vé thoi gian phan tng cta hé théng. Van dé & day co6 thé 1a:

» Chuwa diy du cac dic ta phin cimg va phin mém, nén kho kiém ching téng thé hé
thong, do d6 din dén sy khong twong thich khi tiép cin ranh gi6i giita phin ctng va
phan mém.

= Cac phat thao ban dau sé& kéo theo cac phat thao (bd sung/tuy chon) khac bén dudi.

= Sy chan tré chua c6 mot luu trinh thiét ké hoan hao s& gdy khé khan cho viée sir doi
va tac dong t6i thoi diém dua san pham ra thi trudng.

C6 nhiéu cach tiép can dé giai quyét van dé thiét’'¢ HTN, tuy nhién khong c6 cach nao c6
thé thoa mén va dat hiéu qué nhu mong mudn. Dud’ day ° trinh bay mot $6 tiép can khi thiét ké
mot HTN.

Thiét ké HTN 1a két hop giai quyét riot 1:é thc ~ dau cudi bao gém ca phan cimg va phan
mém. Do d6 can c6 nhitng quyét dinh.j1.  nao cua th vké s& duoc giai quyét ¢ phan cing va
phan nao ¢ phan mém dé c6 dugc met hé th g v4i nhitng dic diém chuyén biét (thién vé hiéu
ning), khac véi cac may tinh thAng u ong. Co . “ing xir Iy phan mém lai phai cimg hoa (goi 1a
dugc silicon héa) ma két qua‘ia “iéu rang tinh todn nang cao. Vi du trudc day, CPU 286/386 khi
khong c6 vi chip FPU 387, moi p. » tinh ddu phay dong phai chay bang tap 1énh mém, do d6
nhiéu phén mém cao cép khong hoat “ig dugc (AutoCAD chéng han). Cach lga chon thiét ké
nhu vay goi 1a su phan hoach thiét ké.

Néu tong quat hoa khai niém giai thuat thanh cac budc dé thuc thi mot thiét ké, thi giai thuat nhu
mot két hop cua cac thanh phan man ctng va thanh phan phan mém, va mdi phan cua phan
hoach cimg/mém d6 sé& thuc thi mot giai thuat. Tat nhién c6 thé 4p dung giai thuat thudn mém
(CPU khong c6 FPU), hay thuan ctmg hodc két hop ca 2 (vi du nhu vi d6 hoa may tinh).

Vi du: Giai thuat thiét ké may in laser:
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Pinh dang dit héu in

Algorithm

Gial thuat cua

) C'o ché i laser }

Dii ligu sé inra (Laser Engme) Inlén gidy

Bieu khien tia
laser

Dieu kluen

phan co khi

Hinh 4.6  Gidi thudt thiét ké m* in laser: ph. ~hoach ciing/mém

Dir liéu nhan vao tur céng LPT, CPU phai ,nuyén dc +hanh xau ndi tiép dé 1am dau vao diéu ché
tia laser, quay cac guong chiéu tia, quay « ‘ng in, phat ‘i anh in Ién gidy, d6t muc siy kho ban
in, ... Két qua mat cong suét in 5-7 .rang /; . Tang toc in ? Tang cuong thém CPU ... Giai
phap nhu vay 1a tdi vu ? Tuy nhiZii . phén tic. #di phap thiét ké mot cach sau hon, ¢ thé biéu
dién thiét ké nhu mot giai thu{ ¥ d6 ¢, nhitng tac vu co thé cing hoa, vi du ctng hoa khdi chirc
nang ghi laser 1én cic phan tr ni. ~‘anh sang trén bé mit trong in, giai phong CPU khoi tac vu
nay nhu trude d6 da lam. Tat nhién | *n kho s& 1a can phan cung rat tin ciy va bén viing, mot vi
mach kiéu ASIC (Application-Specific Integrated Circuit- kiéu vi mach duoc thiét ké danh
cho mot tng dung cu thé) s& xuat hién. Tuy nhién ASIC s& lam ting sy phtc hop hé thong thiét
ké. Do vay nhém phan mém s& phai nd lyc va hi¢u chinh phan mém rat ti mi, sao cho thém phan
cting nhung khong qua phirc tap va dit do, 1am gia thanh ting thém.
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So d6 phan hoach thiét ké cimg va mém:

Pac ta Hé théng
(Specification)

Y dé phat trién ban
dau (concept)

Phat trién phan Phat trién phan

mém A cirng
|
Y dé phat trién 3
chi tiét |
|
1
Viét ma (coding) 3
|
| - - z z
! Y dé thiét ké
Chay thur (test) | <. chitiet
|
= ‘ Thwe hién pha
T wc hién phan
°© clrng
= o ==
=
3 ‘
@ } \
Viét ma chéo ! Thir nghiém
phan cirng
l
|
~ \/

vo nhat phan cirng -
phian mém

Thir nghiém

Danh gia, phé chuan
san pham

Hinh 4.7 Phdn hoach thiét ké phan cirng va phan mém

= (Can c6 sy twong tac & pha phan hoach cing/mém & hai nhém thiét ké: Tuy da hinh thanh
cac khdi chirc nang cimg/mém 16 rang, nhung khi ranh gigi van chua thé khang dinh khi
cac thach thirc chua dugc dwa vao thiét ké. Cac cong cu thiét ké phan cung (ICE,
Simulation, ... ) s& cho thdy co thé cai thién phan cting khi két hop v&i phan mém, trong
khi phian mém chay thir bing md phong trén phan cimg dé danh gia toc do xu 1y. Noi
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cach khac hai nhom thiét ké cirng/mém can twong tac voi nhau dé bd sung cho thiét ké
cudi cung. Bo mach san phém 12 bo mach dich tuy nhién van chua la bo mach thuc ché
tao. Qua trinh twong tac s€ 1ap lai cho t&i khi cac chi tiéu san phém chép nhan duoc, trudc
khi tién hanh lam san pham mau thuc. Cac cong nghé thiét ké ngay nay tao diéu kién dé
hai nhém thiét ké 1am viéc v6i nhau chit ch& va tiét kiém nhiéu thoi gian, han ché téi da
cac rui ro cho t6i khi ché tao san pham.

Khi nao thi quyét dinh phan hoach ctimg/mém ? Khi di phan tich hau hét (hay tat ca) cac
giai phéap trinh bay giai thuat thiét ké. Tir d6 s& thdy phan nao cua giai thuat s& ndm &
phan cimg, phan nao ¢ phin mém, 1 t6i wvu. Mot s qui tic co thé dung dé can nhic:
Tang téc do xir 1y, co thé dap tng bang phan cimg, nhung ting gia thanh, va déi khi phai
thiét ké lai chip xtr Iy ! Phdn mém co thé chu dong bang mo phong, khong cho doi c6
phan ctimg hoanh chinh méi thir nghiém, viét code that hop li ciing s& giam chi phi phan
ctmg. Du sao thi phan cimg ciing c6 nhing 16i thoat, d6 1 sy lya chon cac bo xir Iy dé
dua vao thiét ké (hay dung ASIC, rdi di dén hé thdng trén chip (System on Chip-SoC).
Phan con lai 1a thiét ké bo mach téng thé, “code? hoa mot sd xur ly phﬁn cung thanh phﬁn
mém sun (firmware).

Két hop phan cimg/phan mém. Hién nav/cac san pr. m thwong mai duoc phat trién theo
ki thuét “dong thiét ké phan cimg va.oha. wém-dong h em nghiém” (Hardware/software
co-design and co-verification). N*u theo thic 'ké truyén thdng sau khi 1am phan hoach
cac phﬁn thiét ké thuc hién tuong Al doc 1ap, = 101 gian phan hdi-hiéu chinh & ca phﬁn
clng va phan mém s& lau, do vay chi hi nhiéu thoi gian hon cho san pham cudi cing.
Ngay nay mot qui trinbthiét 1 méi da | .uat trién, trong d6 thiét ké phan ctng va phan
mém tién hanh song sot._ ~cas phan hdi-hiéu chinh thuc hién lién tuc, cho t&i khi c¢6 két
qué tot nhat qua dong kiém  +hiém. Trong cong nghé nay phan cig dugc trinh dién boi
ngdn ngit mod ta phin cung (VHDL-very-high speed integrated circuit hardware
description language ) va d6 1a phan cing ao dé phin mém hoat dong. Nhu vét qua trinh
thiét ké c6 thé “mém hoa” va su két hop hai hoa 1 rat 16 rang.
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%
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Translators

Systemn Behavior i

Co-Simulation

Scheduler Parttioning -~
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Constraints

| Partitioned Specitica tion

i Intertace
/ Synthesis
SW Synthesis HW Si'ﬂm
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Task Synthesis
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BOARD LEVEL PROTOTYPING St ndard Components

| Phy sical Profotype |

Hinh 4.8 Pong thiét ké phan ciing va phan mém-dong kiém nghiém, toi wuthiét ké

Vi du ki thuét thiét ké ASIC: 1a cudc cach mang trong thiét ké cac HTN. San phém ASIC
c6 thé tim thiy, nhu cac Chipset trong PC, chip xtr Iy 4m thanh, ting toc d6 hoa, chip cho
MODEM, ... Qua trinh thiét ké c6 tén 13 bién dich ban dan (silicon compilation), trong d6
phan ctng va phan mém duoc biéu dién béi cac tép dit lidu ciia ngdn ngir thiét ké cao
c?ip. Nhu vay HTN s€ dugc dac td nhu mot co so dir liéu mém (software database): mot
phan mé ta kién tric phan ctng, mot phan mo ta cach diéu khién hoat dong cta phan
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cting. O day su phan biét giita phan cimg va phan mém c6 v& méap mo: thiét ké phan ctng
lai nhu 1a thiét ké phan mém.

Y
“Thiét két giai Viét ma mo Bién dich
_thuat > phongphan = thanh * obj
- Viet ma C/C++ cwng \
Co-Design,

Co-Cerification pha: Ho San pham
-Dinh nghi kién tric/ p i thir nghiém
chirc ndng Qhat (prototype)
-Phan hoach HW/SW \

- Thibt ké giai - viét cac vector L /
thugt e thonghigm | Biéndich thanh
: -Cahiv mé phd inh kién
- Viét ma HDL Cahjy m6 phong '
A

Hinh 4.9 Qui trinh thict ké kie ASIC
4.1.3 Xay dung bo mach khi phat trién k2 tho.
Trién khai cac yéu cAu mé ta & phﬁn 4.1/, “hi thiét ké v miach s& cu thé nhu sau:

1) bat van dé: Muc dich thiét 1" STN, mu iéu can dat duogc, tinh thuong mai ...;
2) Xéc dinh HTN:
v' Xay dyng mot mé hinh ch. " tic (formal model) cuia hé théng véi cac yéu cau sau day:
*  Xac dinh chirc ning: x. *dung tap cac mdi quan hé tudng minh hay khong tuong
minh lién quan t&i dau vao/dau ra, va thong tin trang thai bén trong cua hé thng.
= Xay dung tap cic thudc tinh ma thiét ké s& phai thoa man. Két hop céc thudc tinh
va tap cac quan h¢ vao/ra, trang thai h¢ théng, xac dinh lai cdc chiic nang hé
thong. Cac thudc tinh bao gdom:
- Céc thudc tinh c6 tinh ké thira cac hé théng tinh toan (may tinh s6);
- Céac thudc tinh c6 thé kiém ching trén mot chirc nang;
- Cac thudc tinh phai duoc kiém chung trén cac dic ta phai co khi cac tiéu
chi & dlu vao xuat hién.
=  Xay dung tp cac chi sd hiéu ning dé danh gia thiét ké theo céac tidu chi: gia
thanh, nang luong. ¢ tin cay, tdc do xu 1y, kich thude ...
»  Xay dung tip cac khac biét coi d6 nhu nhitng thach thirc cua thiét ké, dé ra giai
phap giai quyét.

217



<

XAy dung cac Hé thong nhiing

»  Thyc hién tinh loc thiét ké dé c6 thiét ké tir ¥ tuong dén mo hinh:

Pac ta
R N Quan trj tép n o n
Lerlh kr!?ng (FSManagem Dong dir liéu Sw kle'r] rieng
dieu kién biét
ent)
Sang loc Phan hoach Iép
chirc nang
Y / \ Y
2 Téng hop 2
Bién dich Tong hop hanh vi, phan Tong hop
phan mem . luan li (logic)
trng
/ \ 76 hir.
y 4
- ‘ \ - y
M6 hinh CPU | | M6 hi-.ncpu | MO hinh It.an |1 M6 hinh lun
li (logic) li (logic)
L

Hinh 4.10. Xdy dung m% hinh » 1h thirc: t coc sang loc sir dung cach tong hop phan ciimg va
phan mém dé chuyc hoa' xac dinh chuirc nang vao moé hinh phan cung cua thiét ke.

Mo ta hé thong phan tmg nhu 4 ndo véi cac dau vao,
Cong cu mo hinh hoa su van dong cua hé théng, vi du phuong phép lu6i Petri (Petri nets)
hay biéu d0 trang thai (StateCharts).
Yéu cau ciia san pham s& c¢6: dua ra mo ta san pham;
Thiét ké phén cing: 1én mo hinh kién trac ciia bo mach chinh, lya chon cac thanh ph?m
phan cing;
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| KEY |a> ‘@ DISP |11
; ; Epatatats

-Gia tri dat CPU, ROM, -dén hiéu (LED)
-céng tic, Digital i (FLASH), | Digital % Motor buér,
::;I;:‘a:% :ha.,g inputs e :RAM, PORTS, | H outputs -cong tac onloff
§ U .. ; BUS E ]
-nhiét do i i -motor lién tuc
| -Ap suét, Analog : : Analog -van dién
| -mtre, vi tri, g inputs : : outputs -may do

“mers,

PMi< “*ng wa. adogs

F.agnh g

Hinh 4., Po mach HTN

4) MBS hinh t6 churc ghép nc 4c .niét bi ngoai, ) lugng, chiing loai cac thiét bi ngoai;
5) Thiét ké phan mém: phac ho. “4c phan mém:
- Mo hinh cac 16p phan riém;
- €6 hay khong c6 cac phan mém trung gian;
- C6 hay khong c6 h¢ diéu hanh, loai hé¢ diéu hanh s& phat trién cho phan cimg
dich;
- Phan mém diéu khién I/O (TPKTB);
- Phuong thuc lién két cac phan mém theo nguyén li 16p xép chong;
- Céc phan mém tmg dung.
6) Tuong tac gitta phadn mém va phan cimg, tinh loc phan cimg, phin mém
7) Viét phﬁn mém trén hé phat trién;
8) Viét ung dung trén hé phat trién;
9) Thir nhiém chwong cac phan mém va higu chinh phan mém trén hé phat trién;

10) Hop nhét phan cimg va phin mém vao san pham ché thtr (prototype):
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Nap phan mém vao hé thdng dich:
- Nap cac TPKTB, thtr nghiém két hop TPKTB véi cac cong ghép ndi trén bo
mach, hiéu chinh ma3;
- Nap phan mém hé thong (hé diéu hanh, hay monitor, ...) va thir nhiém céc chirc
nang cua h¢ diéu hanh c6 va khong c6 TDKTB, hi€u chinh ma;
- Nap phan mém trung gian néu c6, thir nhiém két hop v6i hé diéu hanh, hiéu chinh
ma.

- Nap thtr mét ing dung, thi nghiém, chinh stra ma.

11) Hop nhét hé thdng, ting cudng thir nhiém cac chirc ning véi cac didu kién phirc tap gia

dinh, thoi gian thuc, dap ung ... Panh gia stc chiu dung cia moi trudong van hanh trong
thuc té ...

12) Lam h so, tai liéu.

Tém tit qui trinh thiét ké HTN

1)
2)
3)
4)

5)
6)
7)
8)

1)

2)

Cdc qui tic thiét ké

Nén tang kién thic dé thiét ké HTN +Zhoa »c vé mdy tinh va ki thuat dién tir;

Thiét ké vi mach véi ngdn ngit p+ 1 cing Ver: = hay VHDL (FPGA, ASIC);

Kha ning cong nghé va nhiing gidi . 2 cong nghé phan clng.

Linh vuc tng dung HTN #*2 ag, thiét . “nhai hudng vao ddi tugng tng dung cu thé;

Vi cac xu huong:

- Gia tang kich thuéc ma vong trinh: 16 — 64 KB 1én dén 64kB dén 512 KB,

- Tai s dung cac thanh pn - cing (CPUs, micro-controller, DSPs) va mém (device
drivers),

- C6 su hop nhét cao trong 1 h¢ théng (DSP, mang, RF, CPU 32 bit, IO processors kiéu
Intelligent Input/Output-120).

St dung phan mém c6 san, phan mém tai str dung, ma ngudén mo.

Cong nghé lap trinh (ngdn ngir 1ap trinh, hé phét trién phan mém);

Thiét ké vi mach (dang VLSI, ASIC), thiét ké hé thong dién tir (s6, analog);

Heé thong xtr 1y kiéu thoi gian thyc (thoi gian thyc cing, thoi gian thuc mém).

Cic budc thiét ké

Xay dung dac tdA HTN, mo hinh héa HTN s€ duoc thiét ké, thuc nghiém vai cac gidi thuat
lién quan;

Tap hop va mo ta phan cimg co ban : ghép nbi co sd, truyén thong, cong nghé tinh toan
ung dung vi dién tir, cong nghé bo nhd, cac thiét bi ghép ndi vao hé théng.
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3)

4)

5)

6)

7)

8)
9)

Hé thdng phan mém s& co: diéu khién thiét bi, phan mém trung gian, hé diéu hanh, phan
mém tmng dung ...

Phén hoach, chon loc cac phan cua thiét ké: phan ctng, phin mém. O mdi phan, phan ra
thiét ké thanh cac phan nho hon, xdy dung cic mbi twong tac giita cac phan do;

Str dung cac cong cu md phong thiét ké chay mo phong phan ctimg, phan mém va két hop
ca hai trén mo6 hinh ao;

Céac phan mém va phan cimg toi han (rang budc thoi gian) can thir nghiém va diéu chinh
theo kiéu “sun hoa”: phan mém két hop giira phan ctng va phan mém, trong d6 xir 1y khi
vai module chia s& khai thac chung mot phan cimg. Phat trién giai thuét 1ap lich t6i wu.
Thir nghiém trén bo mach phan ctng (prototype) véi CPU da chon.

G6 rdi va tinh chinh phan cimg, phdn mém;

Hoan thién san pham.

4.2 CAIPAT VA THU NGHIEM HTN

4.2.1

Phan tiép theo s& dé cap dén viéc thuc hién x4+ du, ~mdot HTN. Gia dinh réng ta c6 mot du
an phat trién mot tmg dung nhiing nao dé, >a hay bat ¢ véi cong viéc thiét ké HTN do.

Chon CPU cho thiét ké

Sau khi phéan tich yéu cau cia HTN datra, én co sé ca .ac vu ma HTN s€ thyuc hién, s€ dan

dén viéc xac dinh tinh nang cua bo xu 'y trun, “aAm (CPU). Nhu d3 gi6i thiéu c6 nhiéu loai HTN

va moi loai duoc xdy dung trén 710t k. n triic vo. “PU khac nhau, va trén thi trudng hién tai s&

cho nhiéu lya chon phu hop.

Nhu da phan loai cac dong CPU dun, ~he HTN, mét s6 cau hoi can dit ra khi thiét ké nhu sau:

1) Ché tao CPU riéng biét kiéu tuy bién (customize) v4i cac cong nghé nhu ASIC ? Van dé

s& 1a chi phi cho lya chon nay ? RS rang huéng phét trién nay mang lai nhiéu wu diém
nhu: hoc thuét ché tao chip, chu dong sang tao v.v... Tuy nhién can c6 du kién thirc vé
ché tao mach, dic biét 1a mach c6 mat do tich hop 16n va rat 16n, kién thtc va kinh
nghiém thiét ké logic theo khéi chirc ning, va ¥ tuong kién trac va chirc ning ctiia mot
CPU phai rat rd rang. Hon nira trang thiét bi s& rat dit. Néi chung lwa chon nay doi hoi
mot doi ngdi rdt manh, chuyén nghiép va khéi luong kién thirc chuyén nganh rét siu.

2) Tim hiéu thi truong CPU cho tng dung nhtng: bo mach controller v§i microprocessor

truyén thong, bo MCU (micro-controller) véi céng nghé méi PIC (Programmable

Interface Controller cia Microchip Technology), PSoC (Programmable System-on-Chip
cia Cypress Semiconductor.), két hop véi PFGA (Field Programmable Gate Aray cua

Xilink) hay cac san pham khac.

3) Mot s6 ¥ tuong lwa chon CPU cho HTN:
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Lua chon CPU c6 thé trén co s& xac dinh dic thu san phém hay nhu ciu ma thi truong
chd doi. Tuy nhién tot hon ca 1a nguoi thiét ké HTN phai can nhic dé c6 CPU théa man
mg dung nhung minh dang xay dung. Dudi day 1a mot sb tiéu chi hd tro khi thuc hién
chon CPU cho thiét ké:

»  HTN sé& két ndi véi céc loai ngoai vi (sensors) nao ? Pac tinh ki thuat clia cac ngoai
vi ? Danh sach nay s& cho biét s6 cong vao/ra (I/O) can c6 ma CPU h tro.

= C6 bao nhiéu chuong trinh, can bao nhiéu khong gian dir liéu (bao gém ca cic ngan
xép, khong gian b nhé cap phat dong cho chuong trinh (heap)) can cho hé thong ?

= (6 bao nhiéu ngat hé thdng can ? Va chic chin la nhu vay ?

= S6 lugng cac cong vao/ra ma thiét ké s& sir dung ?

= Loai xir Iy ndo rang budc nhit vé thoi gian toi han (critcal-time) ma CPU phai thuc
hién ?

= Loai cong cu phét trién ndo (cho ca phan cimg va phan mém) c6 san cho CPU chon ?
(mi nguon ma, phan mém trung gian ngdn ngit Fac cao khong phy thuéc CPU nhu Java
... ngdn ngir 1ap trinh, cong cu bién dich hudérg ‘ch...).

= Trong truong hop CPU trén bo mach (C°U on  »ard), ciing cac thanh phan hop nhat,
ngudn nudi, cong cy thir, thi gia thanh £, su 1a bao r. %4 ?

= (6 cac loai thiét bi san c6 nao guép du = vao hé'thdng ¢ hién tai va hd tro thiét bi
mai ?

=  Phan mém s& 1am viéc v6. phan . g nhu thé nao va nguoc lai ? (Phat tién ing dung
sé tuong thich ...7?).

= Loai cong cu phat. *nnac san co, vi du hop ngit, bién dich C, C+, mé phong .. ?

= Khong gian dia chi me. 7PU hd trg 13 bao nhiéu ? KB, MB, vai MB dén GB ? (Luu y
la HTN su dung hai loai b 1. ~<hinh: bd nhé chuong trinh tng dung, hé¢ diéu hanh 1a
flash, ROM, UVPROM, EEPROM. Loai thtr hai cho dir li¢u la RAM (Ram tinh, hay
RAM dong).

= CPU Clock, gid/hiéu ning ctiia CPU ? C6 mot cau hoi don gian, nhung khong dé tra
101 1a khai niém hiéu ning. O day sé& thién vé lwa chon lién quan téi cac phép tinh sb
nguyén hay s6 ddu phay dong, cling nhu cac 1énh chuyén dir liéu gitta cac thanh phan
trong hé théng. Mot danh gia khac 1a dép Gng thoi gian va hiéu qua xir i ngat (nhan va
xu i dir li¢u). Viéc danh gid hiéu nang cé thé dat dugc cho tdi khi c6 duoc mot phién ban
thiét ké, chay cac phan mém dugc phat trién bang cac ngdn ngit bac cao. Thudng khi
ding ngdn ngit bac cao, ta hay bi mat hiéu nang dit ra khi thiét ké, so voi khi chay bang
hop ngit. Mot sb tai liéu co néu rang sé mat di chimg 20%-30% hiéu ning khi so sanh
gitta hai ngdn ngir noi trén khi tinh qui ra MIPS (tri¢u 1énh CPU/s).
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Discrete processors

Integrated
processors

System c o

Micro controllers

Y

Performance
Gié thanh hé thdng va hiéu ndng

Micro controllers

Integrated
pro ¢ essors

System inte gration

Discrete processors

Performanr - -
Mirc &8 tich hgp hé ' “ng va hidu ning

Hinh 4.12 M6i twong {juin gun. oid thani hé thong/hiéu ning
va mi’ %5 tich hop . ‘wg/hiéu ndng
D6 1a mot s6 tiéu chi khi chon CPU ¢ 10 thic +é mot h¢ thong nhiing. Nhung CPU khong phai 1a
tat ca, con co cac thiét bi, ghép rfi' ag can x« 8t vé tinh twong thich, ¢ san trén thi truong
dé co giai phéap tich hop hé th2' ~ sao ¢ 10 hop li.

4.2.2 B nhé cho HTN

Chon b nhé cho HTN la phén dac bi€t quan trong vi phai doi mat véi nhiéu chung loai, kiéu,
cho mot 16p thiét bi nhung. Chon bd nhé bao g@)m ca hai van dé: loai bd nhé va ki thuat diéu
khién hoat dong, co ché bao vé noi dung (tach biét gitra phan doan bd nhd hé théng cho Hé diéu
hanh va phan doan cho tmg dung). Thém vao 14 bd nhé an (cache) dé chira ban sao ctia mi 1énh
(thudng & dang nén trong ROM) di dugc gian nén dé chay va dir liéu, sao cho co thé truy nhap
nhanh nhét ¢ thé, nhu ay s€ dam bao cho CPU chay duogc tde do toi da. O diém nay viéc thiét ké
b6 nhd s& tré nén rat phuc tap Duéi day 1a mot sb loai bo nhé tiéu biéu, lya chon va anh huong
t&i thiét ké HTN.

a) Cong nghé bé nhé: Thong thudng trong HTN ta sir dung bd nhd EPROM dé chira phan
mém hé thong (HPH, dich vu hé théng) va DRAM cho dit liéu va chuong trinh tng
dung. Cho cac HTN tdc do cao thi SRAM 1a lira chon thich hop. V& ciu trac bo nhé da dé
cap & chuong 2. DRAM cho phép tao chip nhé dung luong rat 16n, mat do cao va gia
thanh ré, nhung hoat dong cham, can co ché 1am twoi dit liéu. Ngoai ra con c6 mot vai
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loai RAM hién dai khac, nhu Pseudo-static RAM sit dung nhan DRAM c6 mat dd cao,
nhung c6 hé thdng lam tuoi ngay trong chip, ma khong cin ca mot module lam tuoi
truyén théng vi vay hoat dong gidng nhu DRAM (nhung van khoéng nhanh nhu DRAM).
Viéc str dung 1a hiéu qua vé gia thanh hé thdng, ciing nhu dap Gmg théa man cho tng
dung nhung. Loai tiép theo 1a Battery backed-up SRAM: cho t6i khi c6 thiét ké cong nghé
nang luong thap, cho phép tao ra bo nhé khong mét ndi dung (non-volatile memories),
tire 1a dir liéu khong bi mat di ngay ca khi ngudn nudi duge thay thé boi 1 pin nhé cip
ngudn cho bd nhé trong thoi gian dai. Pac diém cong nghé nén tang 1a dong dién do ri vo
cung nhé trong mdi bong ban dan- transistor. Mot vai hang con ché tao cac SRAM véi
ngudn pin dé lwu cdu hinh hén théng, vi du RAM CMOS trong may tinh PC. Va d6 1a tén
201 Battery backed-up SRAM. B nh¢ Flash 1a loai x6a béng dién va c6 mat do transistor
va thoi gian truy nhap (WR=100ns, RD=70-100ns) gan baing DRAM va ciing 1a loai bd
nhé khong bi mét noi dung duoce ding thay cho EPROM. Trong HTN, Flash dung d¢ luu
phan mém c6 nhu cau nang cdp tir xa (tai vé san d6 nang cp. Vi du cac Router cta
CISCO hay cac ADSL hién dai). EPROM ciingia loai bd nhé khong bi mét nodi dung va
x06a bang dién ciing dugc ding cho HTN, lu»'phe.mém hé thong va tmg dung nhing. V&
b6 nhé con nhiéu van dé co kién quan kb“c nau caci. e t chirc Chip nhd, module nho,
ki thuat quan li bd nho cua hé thépg du © su to chu  va khai thac caa hé diéu hanh.
Nhirng van d& nay nén tham khao 5 tai liu K. = triic mdy tinh. B6 nhé an (Cache) 12 loai
bd nhd SRAM rat nhanh, lam#1éc hoi hop vo phﬁn cing dac biét va su dung dé chira
1énh/dir liéu cung cép cho CPU léy tu. 5 nho hé théng, dam bao CPU ludn co thé chay
ma khong phai cho dgi4don n 1 phan 161 code ¢6 cau tric vong lap, & d6 mot doan code
thuc hién 1ap di 1ap lai. ¢ -he/chtra céc code nay sau khi léy tir b nhd hé théng, san sang
cho cac thuc hién lién tiép v ».do, ma khong tim & bo nhd hé théng. Truy nhap cache rat
nhanh, nén hé thong chay nhai . hon rat nhiéu. Cache dugc ché tao ngay trong CPU véi
cac muc dg khéac nhau (L1, L2, L3) v6i dung luong khac nhau. Quan i cache 1a ki thuat
phirc tap. Tuy vy cac hé théng hién dai khong thé thiéu cache khi CPU c¢6 tdc do cao.
Mot thong sb khi lya chon bo nhd d6 1a thoi gian truy nhap (Access time). Thong s6 nay
rat quan trong va lién quan chit ché véi CPU, ttc 1a khi tan sé CPU cang cao, thi thoi
gian truy nhap cang ngan, tic 1a bo nhé cang phai nhanh.

Khi x4y dung bd nhd can luu ¥ téi CPU lya chon dé thich tmg cho loai bo nhé sir dung,
trong do can cha y: BUS dia chi, truy nhap theo thu tu byte chéng, byte 1¢, loai hé kiéu
nhu Big and Little endian, truy nhap theo kiéu ché do theo trang (Page mode), trang xden
ké (Page interleaving), hay CPU doc trudc dir liéu nhidu hon 1a can thiét va luu vao
cache (burst mode) ...

224



XAy dung cac Hé thong nhiing

4.2.3 Ghép ndi véi thiét b

Ghép ndi v6i thé gidi thuc, noi HTN hoat dong, bao gom: cac thong tin tuong tu (analog), cac
thong tin s6 hoa giai s6 héa bang cac vi mach chirc nang (ADC/DAC). Sau d6 1a truyén thong dir
liéu nbi tiép tdc do cham, tdc do cao, dé)ng b hay di b cé hay khong c6 giao thuc diéu khién
(UART, chip truyén thong c6 cdy giao thirc), khoan cach xa hay gan can c6 lya chon thich hop.
Khi ghép vao hé théng dé trao ddi dir liéu (IN/OUT data) str dung cac ki thuat ghép ndi nhu ghép
song song, ghép ndi tiép, qua cong hay DMA, can can nhic cu thé cho mdi loai thiét bi. cach
thirc quan 1i thiét bi bao gom cac lya chon nhu : CPU chu dong (diéu khién co diéu kién-ddi
thoai, khong diéu kién). Thiét bi chu dong (ngit, DMA). Su lua cho phwong phép s& cho cac hiéu
qua khac nhau, anh hudng 16n téi hiéu ning hé théng, dic biét véi xur 1i thoi gian thuc.

4.2.4 Phat trién phin mém cho HTN

C6 nhiéu cach dé viét ma (coding) cho HTN, ma sy lya:chon phu thudc va tinh phtc tap cua
phan mém nhung, va chi phi. Vi du nhu coding cho pk’n cing di dugc xdy dung (mua bo mach
c6 san) thi d& dang hon 1a cho mét thiét ké doc 1ap.<u la. Ngay nay ciing c6 thé 1a theo cach sir
dung nhiéu phan mém mé (bao gém md nguonang C, thu ?n di cing va céng cu phdt trién),
tai xudng, g rdi (debugging code), stta ddischo , 1 hop, bié« dich ... va nap vao HTN. Con
phat trién kiéu truyén thdng lai tiép ¢ theo hudr_CPU di chon va phan mém mé phong
(emulator). B6 md phong c6 thé durs de % rdi phan cing trén bo cla san pham thir nghiém
(prototype hardware) truéc khi giza-~tio gitip *su phan mém trién khai phin mém nhung dich.
B mo6 phong dugc cai trén ot hé k 4c, goi 1a né phat trién (development system), vi du trén
PC. Mot s6 bo mach thuong ma. “u'ng c6 kém theo ma g& rdi, 1a tién ich gitp ki su phin mém
chay thir phdn mém viét ra. Sau da, *& cap toi mot s van dé co thé phai ddi mat khi mudn su
dung cac phan mém c6 san cho HTN a ch duoc thiét ké.

v" Compiling code

Khi str dung cac ngdn ngir bac cao dé 1ap trinh, ta khong quan tim tdi cac budce qua trinh
dich dé tao ra ma thyc thi. Viéc bién dich can chuong trinh dich thich hop, can téi ca thu vién
chay lién két (run-time libraries) va ca trinh lién két dé hop nhat cac module thanh tép thuc thi
cubi cung. Van dé o day la sy hop nhat v6i hé théng dung dé phat trién (hé phét trién-
development system) phan mém cho HTN, ma hé nay c6 thé mé phong duoc HTN dich twong lai.
Phuong phép phét trién nhu vy, goi 1a bién dich chéo (cross-compilation+emulation), tai d6
phan mém cho mét hé dich khac duoc phat trién toan bd trén mot hé hoan toan khac. Vi du ding
PC trén d6 c6 cai phan mém phat trién hudng cho loai HTN dich, ma thong thuong cac hing ban
CPU c¢6 thé cung cép.

Hau hét cac trinh dich, cho C, hay PASCAL, ..., déu chi phat sinh ra mot tap céc tién ich,
cac 1énh tir cac thanh phan x4y dung bén trong (built-in routines) lién két véi thu vién cta ngon
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ngt dé cuoi cung tao ra cac ham chuc nang. Qué trinh dan téi két qua trai qua vai budc nhat

/ User
header
files

dinh, dugc mo ta nhu sau:

Standard
Preprocessor +—— helﬂdEF
files
Assembler
Compiler —» listings
Assembler —_ Object
files
Linker/
- _ Standard
Loader brary
files
' m User
brary
L—"—l:‘ files
—
MNew
operating
system

Hinh 4.14 Qua trinh bién dich thanh ma may tgo ra HDH

Pre-processor: tién xu li, thuong goi 1a bién dich, xtr li ma nguodn, véi chirc nang kiém tra ct
phap, khai bao bién, hang, bat 16i ct phap, phdi hop cac tép include, define vao code ngudn.

Compiler: dich tir ngdn ngit 1ap trinh ra ngdn nglr hop ngit - assembler source listing (*. list tép
két qua tr ma ngudn *.asm). Qua trinh nay dong thoi thuc hién t6i wu code dé sau nay chuong
trinh chay nhanh hon, str dung bd nhé hop 1i hon.

Assembler: dich tir hop ngir ra ma dich (cia CPU dich) nhi phan (tép két qua: *.obj hay *.0)

Linker/Loader: céac tép *.obj chua thé chay duogc, ma can co linker/loader dé két hop cac ma
ham goi, tir thu vién, lién két nhiéu module, lién két cac ham c6 sin trong thu vién, tao ra tép
thue thi phu hop cho timg loai Hé diéu hanh dich, goi 1a tép c6 dinh dang kiéu ELF (Executable
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and Linkable Format) vi du HDH Microsoft: *.com hay *exe, HDH Linux c6 kiéu FatELF kha
thi vo1 thudc tinh r-x r-x r-x.

M0 hinh cua tép elf nhu sau:

ELF header

Program header table

dest

rodata

.data 1)

Section heade: table 2

Hinh 4.15 Dink'dang m¢. 2o thuc thi ELF

Trong d6 khdi ELF header cho biét k! bng ¢ dia chi sa dung caa CPU 1a 32 hay 64 bit. Khi két
hop v&i Program header table tas™. ng than. *héi PSP (Program Segment Prefix) trong moi
truong HDH Microsoft, cho d7 ta vé i ang thai hoat dong ctia mot chuong trinh khi chay.

Céac khoi khac .text (hay .code) ch. code thyc thi, .data chua dit li¢u (g@)m cac bién, cac hﬁng,
bang ...), .rodata (hay .stack) 1a vang .gan xép.

v Thu vién cac ham chirc nang chay khi kich hoat (Run-time libraries)

Vén dé dau tién cho viéc thiét ké HTN 1a c6 thw vién cdc chirc ndng ma chuong
trinh dich st dung dé kich hoat mot sb céc thuc thi khi hé chay g dung. Vi¢c thuc hi¢n
101 goi thu vién (system call) bang API (Application Programming Interface), tic dong
t6i su lién lac gita tmg dung va phin mém hé thong dang chay (runtime system), trong
d6 lién quan nhiéu t6i co ché vao ra (input/output) va quan li bd nhd ciia may tinh. Néi
don gian run-time library chinh 1a mot phan cia cach xir li hay sy phan tmg ctia may
tinh, tirc 1a mot phﬁn code cua phﬁn mém hé théng. Nhu vay thu vién cho ta hau nhu tat
ca cac chic ning ma qua ngdn ngit l4p trinh ta c6 dé sir dung. Tat nhién thu vién bao
gdm nhiéu kiéu chtc ning, phu thudc vao phan cing ciia HTN. Piéu nay thi khong ¢
san khi thiét k& HTN (ca phan clig va phan mém ), cho nén phai bién d6i dé 1am cho céac
chirc nang d6 chay dugc trén HTN dich. Céc trinh diéu khién thiét bi 1a mot vi du.
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v Sw phu thudc vao bd xit li (Processor dependent)

Str dung cac thu vién tir ngon ngir 1ap trinh bac cao thong thuong sé c6 doi hoi chay cac ham
toan hoc, cac xu li xau ki ty ... ma cac xtr li d6 hoan toan st dung CPU, khong c¢6 lién lac véi
thiét bi, vi vay thu vién cac chirc ning nay khéng can cé sira dbi. Tuy nhién véi cac phép tinh
dau phay dong thi khac, bai can vi mach chuyén vé cac phép tinh ndy. Cac vi mach nhu vay
thuong 1a tuy chon véi loai CPU, vi nhu CPU Intel 80386 trudc day c6 80387 1a bd sb6 hoc dau
phay dong. Néi vay dé thiy khi chon CPU cho HTN ciing phai luu ¥ can hay khong can bo sb
hoc loai nay. Diéu nay s€ phu thudc vao ing dung trén HTN.

v Phu thudc vao cac thao tac vao/ra dir liéu (/0 dependent)
Néu chuong trinh khéng cé cac thao tac vao/ra dir lidu, thi phan mém c6 thé ding trén cac hé
dich ma hau nhu khong c6 céc tryc tric. Tuy nhién néu co vao/ra, thi phai c6 dinh nghia phan
cting dé phan mém truy nhap. Noi vaajty tirc phai viét lai trinh diéu khién thiét bi cho hé dich.

v" Goi hé thong (System calls)
Céc thu tuc goi chirc nang ciling can stra doi dé phu he véi hé dich, sao cho phu hop véi co ché
xtr li cac semaphore, cach phan phat bo nhé, cach x” 1i ta 7u, cac 1énh diéu khién.

v' Thoat ra tir chu trinh, tha tuc (Exit row mes):viét do Icode thoat

Cac phén mém tai vé su dung, sau khi dieli thanh t¢ thuc th1 khong dé dang nap va chay trong
bo nhd. Do 1a vi con ¢o6 cac tép chira c2C 1. dule khéc, « « cac tép kem theo (modulr header) ma
hé diéu hanh trén HTN sé st dung dé€ aap tép “uc thi vao dung dia chi, khéi dong chinh xac cac
thanh ghi ctia CPU, ngin xép cliay . »h ... Tat 'cac viéc nay can sira doi va chay mo phong
true khi chay trén HTN dicn. Tac t10 tuc (start-up routine, end routine) thi thuong viét ma
(nam) trong cac module. Két thic v thi cac chu trinh thuong dung 1énh exit(). Code cuia 1énh
nay s€ thuc hién thu hdi bd nhd tra la. o HPH, cho nén cling can phai viét lai, co diéu ma nay
lai thudng nam trong thu vién dong.

v Tao thw vién
Lam thé nao tao ra cac tép thu vién phu hop véi CPU dich trén HTN thiét ké thay thé céc tép thu
vién tir ma ngudn tai vé ? C6 hai giai phap: thir nhét 1a thay thiét ké trong phan ctng sao cho
phan cimg phu hop véi code trong thu vién. C6 thé don gian 1a thay d6i 4nh xa dia chi cho cac
ham thu vién hay cong (port) sao cho cac dia chi hudng vao 1a tring véi cac dia chi trong code
ctia thu vién. néu c¢6 ding co ché /O, thi dia chi ma I/O st dung phai giéng nhu da dinh nghia
trong thu vién sao cho phan mém truy cap ding. Cach thi hai 14 phai stra code thu vién sao cho
hop v&i phan ctng cua thiét ké. Piéu nay co nghia s& thay ddi cach phan bd str dung bo nhd,
cong /O va cu thé 1a s& sir ca TDKTB (device driver) néu c6 thiét bi mai khac biét ma HTN sir
dung, do61 khi ca cho CPU khac bi¢t. cach nay phu thudc nhiéu vao thu vién di kém, c6 thé 1a
trong dang hop ngit, hay C va dé dang dé bién doi va lién két thanh thu vién méi. Thuong cac
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code ndy bao gdm: dau vao, cho phép truyén dit lidu vao thu tuc xir 1i va du ra chuyén sang thu
tuc khac. Truong hop phuc tap 1a khi thu vién & dang da dich thanh nhi phan (*.obj) .

Tao thir vién (Creating a library): Can c¢6 kinh nhiém 14p trinh khi viét cac ma dang nhu TDKTB
(thudng goi 14 1ap trinh hé thong). Viét code cho TDKTB tao thu vién chay thuong khong c6 han
ché nao cho HPH, ciing nhu dé thay thé cac chirc ning V/O. Ki thuét nay st dung dé viét code
cho mot thiét bi 4o (theo cach phan loai & chuong TDKTB) hé tro cac ngdn ngir cip cao truy
nhap vao phan cimg cap thap ma khong can chén doan code hop ngit dic biét. Khi chuyén sang
hé dich khac, thiét bi 4o thay dbi, chi can bién dich lai va lién két (link) vao ma cho hé dich méi.

Nhiéu nha cung cip bo mach thuong cung cép thong tin vé cau triic phan cimg, va chuong trinh
g 16i (debuger) véi cac 1énh /O di kém, giup tham khao phan clg bang cach chay debug.
Viéc nay rat bo ich dé viét lai thu vién cho hé dich.

Khi di viét xong thu vién, cong viéc tiép theo 1a dua vao chuong trinh ing dung. Viéc nay thong
qua tién ich lién Kkét (linker): Chuong trinh va cac thi* tuc dang hop ngli dugc dich, hop vao
thanh cac module OBJ va sau d6 duoc lién két lai b 1. er dé tao ra ma thyc thi cudi cung. Thu
vién mdi duoc tich hop bdi cac ki thuat: lién kétthem thu 3n (gém thu vién chuén va thu vién
moi), hay lién két bang thay thu vién méi, bo thu ién tring nt. khong con sir dung & hé dich.

v/ Van dé véi h¢ diéu hanh
Trong nhiéu truong hop, HPH 1a king cc »an cho bo mach HTN da thiét ké, mém can phai
“tao” HDH theo yéu cau. C6 mot-«l_Ai phap s day:

- Néu mua bo mach HTN, 4 tFe mua ludn phﬁn mém hé théng da duogc cu hinh cho bo
d6. Trén thi truong c6 nhic. o mach HTN phé bién va di kém 1a danh sach cac HPH,
phan mém d3 duoc chuyén ta1 ao bo. Trong trudng hop nay chi phi cho dy 4n HTN s&
giam di vi rang cac phan cmg va phan mém di duoc thir nghiém.

- Tao ra nhdan HPH méi cho cdu hinh (HW) méi: Khi khong thé dung cac HDH chuan trén
thi truong va can nhiéu thay doi cho hop véi céu hinh thiét ké, thi can tao moi HDH
(rebuilding the operating system or kernel). Thong thuong tir ma ngudn, chon céc
module (d3 c6 thay ddi code), va bié dich, lién két lai dé tao ra nhan véi phién ban HPH
ma&i. Mot trong cac HDH d@ thuc hién san c6 1a HPH Linux, vi du v6i RED HAT 9.0 cai
trén may day du voi ma HPH, sau d6 dung tién ich make xconfig di kém chon cac
module phu hop, bién dich lai nhan, tao va chay v6i phién ban mdi, trude khi nap cho
HTN thiét ké (Xem http://redhat.activeventure.com/9/customizationguide/s1-

custom-kernel-modularized.html).
(Building a Custom Kernel from Linux RED HAT source code)

The instructions in this section apply to building a custom modularized
kernel. To build a monolithic kernel instead, see Section A.3 Building a
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Monolithic Kernel for an explanation of the different aspects of building and

installing a monolithic kernel.

This example uses 2.4.20-2.47.1 as the kernel version (the kernel version might differ). To

determine the kernel version, type the command uname -r and replace 2.4.20-2.47.1 with

the kernel version that is returned.

Note

To build a custom kernel for the x86 architecture (perform all these steps as
root).

1. Open a shell prompt and change to the directory /usr/src/linux-2.4/. All
commands from this point forward must be executed from this directory.

2. It is important that kernel build starts with the source tree in a known
condition. Therefore, it is recom ien. 4 that the command make mrproper is
issued first to remove any cenfiguratio.. “les along with the remains of any
previous builds that may.be . =ttered arov .d the source tree. If an existing
configuration file alreudy exists the file /usr/src/linux-2.4/.config, back it
up to a different c.rec vy before i .nning this command and copy it back
afterward.

3. It is recemmen 2d that t» - configuration of the default Red Hat Linux
kernel be us ' as 4 starting point. To do this, copy the configuration file for
the system's a. “itecture from the /usr/src/linux-2.4/configs/ directory to
/usv/src/linux-2.4/.c .nfig. If the system has more than four gigabytes of
memory, copy the file that contains the keyword bigmem.

4. Next, customize the settings. If the X Window System is available, the
recommended method is to use the command make xconfig to run the Linux
Kernel Configuration.

To use the graphical tool started with the
# make xconfig

command, the tk package, which provides the wish command, must be
installed. For more information on installing RPM packages, refer to Part
V Package Management.
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5. As shown in windows, select a category to configure by clicking on it.
Within each category are components. Select y (yes), m (module), or n (no)
beside the component to compile it into the kernel, compile it as a kernel
module, or not compile it. To learn more about the component, click the Help
button beside it.

6. Click Main Menu to return to the categories list.

7. After finishing the configuration, click the Save and Exit button in the
main menu window to create the configuration file /usr/src/linux-2.4/.config
and exit the Linux Kernel Configuration program.

8. Even if no changes were made to any of the settings, running the make
xconfig command (or one of the other methods for kernel configuration) is

required before continuing.

9. Other available methods for ke ‘nel configuration include:
# make config

An interactive text program. ~omponents ure presented in a linear format
and answered one at-u time. 1r. method does not require the X Window
System and does nc. a.. v answers . be changed for previous questions.

# make merucon >

>

A text mode, n. u driven program. Components are presented in a menu of
categories; seleci . ~desired components in the same manner used in the text
mode Red Hat Linux installation program. Toggle the tag corresponding to
the item to be included: [*] (built-in), [ ] (exclude), <M> (module), or < >
(module capable). This method does not require the X Window System.

# make oldconfig

This is a non-interactive script that sets up the configuration file to contain
the default settings. If the system is using the default Red Hat Linux kernel, it
creates a configuration file for the kernel that shipped with Red Hat Linux
for the architecture. This is useful for setting up the kernel to known working
defaults and then turning off features not wanted.

Note
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To use kmod and kernel modules answer Yes to kmod support and module
version (CONFIG MODVERSIONS) support during the configuration.

After creating a /usv/src/linux-2.4/.config file, use the command make dep to
set up the dependencies correctly.

10. Use the command make clean to prepare the source tree for the build.
11. It is recommended that the custom kernel have a modified version
number so that the existing kernel is not overwritten. The method described
here is the easiest to recover from in the event of a mishap. For other
possibilities, details can be found at
http://www.redhat.com/mirrors/LDP/HOWTO/Kernel-HOWTO.html or in the
Makefile in /usr/src/linux-2.4.

By default, /usr/src/linux-2.4/Makefil< icludes the word custom at the end of
the line beginning with EXTRAVZ SION. Appending the string allows the
system to have the old working kernc nd the new kernel (version 2.4.20-

2.47.1custom) on the syster. ‘the same ..

If the system contair’ more than ~e-custom kernel, a good method is to

append the date a_the e, " (or another identifier).
12. Build tI"> kerne with

# make bzImag

13. Build any modules configured with

# make modules

14. Use the command

# make modules_install

to install the kernel modules (even if nothing was actually built). Notice the
underscore () in the command. This installs the kernel modules into the
directory path /lib/modules/<KERNELVERSION>/kernel/drivers (where
KERNELVERSION is the version specified in the Makefile). In this example
it would be /lib/modules/2.4.20-2.47. 1 custom/kernel/drivers/.
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15. Use
# make install
to copy the new kernel and its associated files to the proper directories.

In addition to installing the kernel files in the /boot directory, this command
also executes the /sbin/new-kernel-pkg script that builds a new initrd image
and adds new entries to the boot loader configuration file.

If the system has a SCSI adapter and the SCSI driver was compiled as a
module or if the kernel was built with ext3 support as a module (the default
in Red Hat Linux), the initrd image is required.

16. Even though the initrd image an< hoot loader modifications are made,
verify that they were done correc’ v and be sure to use the custom kernel
version instead of 2.4.20-2.47.0. Re;. to Section 30.5 Verifving the Initial
RAM Disk Image and Sectic® 30.6 Verify o the Boot Loader for instructions
on verifying these modificatior. )

Modify
DGUI"BETEF
files
Select target Modify B %
CCassor I g rew
cgﬁgumﬁm include fies version [ New
files opergting
systern
Modify make T 1
files and
include user
tasks m
Library
User
1. Chon CPU dich. 2. Tuychoncdc 3. Xay dwng nhin méi,
Cau hinh HW théng sd, tich thir chay nhén
Module Software  hop tién ich, + sir d8i -> 1, d&n khi th&
tép irng dung mén vi¥i HBH mdi.
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Hinh 4.16 Téng qudt cdc buéc tao nhdan HDH méi tir md nguon
Céc bude mo ta gdm:

* Chon hé phan cimg dich (chu yéu 1a CPU, HW)

= T mé ngudn HPH: chon cac module, thay ddi cac tham s6 ciia module. Sua d6i cac tép
header (*.h). Stia d6i tép kich ban make, thém vao céc tép *.h cua ngudi thiét ké. Két qua
s€ 1a mot phién ban maéi goi 1a customized OS.

* Bién dich (build) véi thu vién di kém ma ngudn, va thu vién cia nguoi phat trién phan
mém.

- Tao nhan HPH cho HTN

- Trong md hinh nay sy khéc biét 1a nhung tng dung, hay tac vu (task) cia ngudi phét trién
phan mém nhiing vao phién ban méi ciia HDH. Céc tac vu nay duogc dua vao khi bién
dich qua céac khai bao #include () vao thoi diém dich qua tién ich #make va #link bang
viéc khai bdo cac tép ung dung da & dang *.OBJ At qua s¢ la mot phﬁn mém tich hop
HDH chuyén dung va cac ung dung nhiing. M. = du tng dung nhung da dugc tich hop,
nhung viéc tng dung chay sau khi boot H )H th. 4n tao ra céc kich ban (shell script)
dang run command (rc) véi thude tinh £ ~c kich hoa.  ¥-HPH. Cac tép kich ban sau do
dugc ty dong kich hoat sau khi HP”. 43 he o tat qud irinh khoi dong. Cach viét cac tép
kich ban can tham khao tir HDPH{ <.

Systermn
initialisation

’7 Modify
! parameter

O '

Select target Modif BLilG %
processor odairy uild new
configuration include files wersion —=— New
files operating
system
Modify make ? 1
files and
include user
= |
Library
User

tasks
Hinh 4.17 Téng qudt cdc bude tao nhan HPH mdi tir ma nguon va kiéu khoi dong

= Tdi phan mém vao phan cirng
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Serial link

] |
[]

Target board Host systemn, e.g. PC

Hinh 4.18 Tdi (nap) HPH vdo phdn citng moi

Trudc tién can nhac lai vé qui hoach bd nhé trén ¢ ché 1. ~t dong ctia CPU di chon. Cac CPU
déu c6 cach dé phan bd s dung bd nhd, qui_ h viung cho SM-boot, ving cho HDH, ving
cho tng dung. Céc tiéu chi nay phai ton tong kh. “ién dich’HPH, sao cho c6 thé “dat” HPH
dung cho trong bd nhd. HPH c6 thé ¢ ¢4 lang khac n. »va luu & cac bd nhd khac nhau (ROM,
FLASH) va s& copy vao RAM dé cha, cho 1. 'nh. Phar nay dé cap ¢ cac phan sau.

4.2.5 Go roi va md phéng

Mo phong va go rdi 1a hai cong  “audng duoc ding dé thir nghiém cac doan phan mém quan
trong va khi két hop dé tha nghiém  * hai: phan cing va phan mém, vi du TDKTB. N6i chung
cac doan ma phan mém nhu vay c6 ana hudng 16n toi hoat dong hé thong, dic biét khi lién quan
to1 thoi gian thue.

= Véi phdn mém tiv ngén ngit cdp cao, c6 thé chay kiém tra ca mot phan 16n code ma
khong can c6 phan cimg, tham chi cac code khong lién quan toi I/O hay cac tién ich hé
thong (cia HDH), c6 thé chay thir trén mot may khac (PC chan han). Cach 1am nay cho
phép phat trién song song ddng thoi ca phan clmg va phan mém, ma khi hgp nhat dam
bao hé s& lam viéc. Ddi véi cac dir liéu cho mo phong cé thé nhan tir ban phim hay tao ra
cac bang du li¢u dé chay thu cac xur li, ma khong can co cac hoat dong I/O that sy. Tuy
nhién han ché ciia phuong phép nay 1a & ché mo phong 1a s& chay va dung thu vién cua
HPH trén may thir chtr khong phéi trén méi trudong ciia hé dich. Con néu thu vién sir
dung 14 mot phan cua code s& chay trén may dich, thi viéc str code thu vién 1 can thiét.
Li tuong nhat 1a HPH may chay mé phong giéng nhu HDPH HTN dich, vi du ding PC cai
Linux chay mé phong cho HTN s& chay Linux. Hién nay rat nhiéu HTN sir dung HDH
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dich c6 ngudn gbc tir UNIX/Linux (Android (cho rat nhiéu thiét bi nhung), Ubuntu,
bada,,Firefox OS (project name: Boot to Gecko), Openmoko Linux, OPhone, MeeGo
(from merger of Maemo & Moblin), Mobilinux, MotoMagx, Qt Extended, Sailfish OS,
Tizen (earlier called LiMo Platform), webOS, ipodlinux, Apple 10S, BusyBox (tap hop
cac ti¢n ich cua UNIX thu nho), hay Microsoft Windows (Windows Embedded CE,
Windows Phone OS), cho cac HTN.

Mé phéng mire thip c6 cac cong cu dé chay mo phong hoat dong ciia CPU, bd nhd va

mot s thiét bj ngoai vi dich, chay bang ngdn ngit may (hop ngir). cic moé phong nay lién
quan t6i mé hinh chuong trinh di véi mé hinh bd nhé v6i kha ning g& réi. cach mé
phong cip thip nay thuong khong cho cac thuc thi lién quan t&i dinh thoi, tire cac code
c6 rang budc thoi gian (cho hé thoi gian thuc). Tuy nhién ddy 1a phuong phap thiét ké it
t6n kém khi ¢6 cac dy am HTN 16n va phuec tap.

G& roi trén bo mach, 13 cach g& rdi tryc tiép trén phan cimg THN dich. Cac nha san xudt
ludn cai san trong EPROM chuong trinh gda réi (Debuger), hay mot tap cac khéi thyc thi
(routine) c6 thé hop nhat vao cac img dung (trong lai). Cac cong cu nhu vay tao didu
kién thir nghiém hé thong rat nhanh va chuan’xac “ac doan coe nay thudng co:

Khéi dong CPU va cac Chip kha trinh t#3n vo mac. vao trang thai ban dau, hay chay &
ché do cho voi ddu nhic (prompt) trén ma. “inh;

Ngudi phat trién chay Debuger, triy nhap va <ac phan cing qua lap trinh don gian véi
cac chtrc nang c¢6 san, hay doa co »ndi v6i co .g truyén thong (COM port) voi hé phat
trién dé tai xudng cac phan mem (HE. - ung dung nhung). Lan sau khi khoi dong ngudi
bo mach, CPU s& tim trong ba. 3 vector n_at vector RESET c¢6 trong EPROM, khéi dong
bo, va chuyén diéu knie. ~t E’ROM sang code trong RAM. Luu y 12 EPROM phai ndm
& vung dia chi pht hop vé1« ~ chi dau tién sau khi RESET. Debuger cho phép truy nhép,
theo doi, thay ddi gia tri cic . .anh ghi ctia CPU, rat tién cho g& rdi code. Cac gia tri
thuong biéu dién & dang s6 hé 16 (hexadecimal). Dé tién cho g0 161, khi 1ap trinh can tao
cac bang ki hiéu (symbol table, hay bang cac bién) khi dich hay khi link phan mém, tao
kha ning tra chéo giita cac nhin va tén ki hiéu qui chiéu vao dia chi vat li, tir 6 theo ddi
dé dang cac gia tri can quan sat tng voi cac ki hiéu d6. Co thé theo ddi khi debug khi
ding véi tép hop dich ( listing file, 13 cac tép c6 phan mé rong *.Ist tao ra sau khi dich
tép hop ngit *.asm) thi rat dé theo ddi. Debug mtrc thip mang lai két qua tin cay vé hoat
dong cua hé dich, dac biét voi cac HTN kho chay theo cach mé phong, hay md phdong
khong thyc té sat voi hé dich.

G& réi ¢ mirc tdc vu (task debug). Mot sd trudng hop gd rdi mire thap khong nhiéu hiéu
qua tuy c6 thé debug ca mot khdi 1énh (hay routine) khi chon diém dung (break point)
code i quan sat két qua. Thuc té can debug cho ca cac task va cach ndy can debug &
mic do HPH, bdi cac task khi chay phu thudc nhiéu vao bdi canh thuc thi code, nén
diém dimg chi c6 thé dit qua (6) cac thong diép, cac sy kién xuat hién/két thuc, cac xu li
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ngat (bat dau/két thuc). Xt 1i su kién c6 thé dung cach loc (bé/chip nhan), ghi lai (trace)
két qua thyc thi cac thong tin vé thoi gian, suwrb dung bo nhd, trang thai tac vu, gia tri
cac thanh ghi CPU dé phan doan, danh gia cac két qua.

»  G& réi ki higu (symbolic debug): Khi g& rbi bang ngodn ngit bac cao, nhu C, thay vi ding
tép hop dich dé xac dinh dja chi diém duing, g& rdi twong trung cho phép dimg & dong
Iénh hay tai tén cua ham. Cach tuong tac nhu vay hi€u qua hon so voi khi dung hop ngi.
Li do str dung phuong phap nay dé 1a cach ma g& rdi twong trung 1am viée: c6 thé coi day
1a kiéu dau cudi cua g& réi hop ngit khi phan mém g& 1di tra ctru (look-up) va chuyén doi
gilta ciu trac ctia ngdn ngit bic cao va cach tinh dia chi, ndi dung ctia hop ngir. Chia
khoa ctia cach nay 1a tao ra bang cac ki hiéu (symbol) c6 kha ning cung cip céc thong tin
tra chéo (look-up) ma g& rdi can dén. Mot tép dang nhi phan lién quan t6i object va tép
chura dia chi tuyét ddi duoc ra, hoac 2 tép tach biét. Khi g& r6i kich hoat tép nay. NoO s&
tim cac thong tin ki tu dé hién thi cac thong tin c¢6 nhiéu ¥ nghia, va diém ding chuong
trinh ¢6 thé dat & cac ciu 1énh cling nhu dia chi cv thé. Noi cach khac c6 thé g0 16i theo
gioi code (trace) qua timg dong 1énh, hay timg Yénh CPU. C6 chut van dé xay ra la: bang
ki hiéu s& 16n, can nhiéu bd nhé, kich thuc¢s tep fing 1on theo. Diéu nay sé rac roi khi
xay dung un dung cho mdt HDH mdi. | 5i $3 xuét . n khi link 1a ‘bang ki hi¢u bi tran
(symbol table overflow error). Co thé xir . dng cach ¢ .an (dimg) g& réi ki hiéu hay cap
thém bo nhée cho trinh lién két (li=iker). Co ti. =0n c6 nhiéu meo hon khi g& rdi !

»  T6i wu code: toi wu code co the ti. = hién vao , .c bién dich ma ngué)n voi tuy chon dét
v6i thong s6 t6i wu & dong 1Ath. Khi ch chwong trinh dich s& kiém tra code, thay doi
(code, trinh tu goi code«..) de ing hiu « ua thuc thi ma khong 1am thay déi tu duy logic
clia chuong trinh. Co'nh. = cé.h, tuy nhién c6 hai cich pho bién sau day: g bo hay thém
hay thay d6i code. Chuwony +inh dich c6 thé boo ai bién, hay cac doan code thyc thi
(routine) khong bao gio sir dun , nay tra lai bat ki ham chirc ning nao. Céac vong lap ciing
can t6i wu dé bo di cac tré ré nhanh (& cac chuong trinh 16n). Poan code thyc thi dau
phay dong c6 thé thay vao bang cac dong 1énh dau phay dong truc tiép. két quir cudi ciing
c¢6 thé khac so vai tép *.Ist trude do, twong tu bang cac ki hiéu (symbol table) cling c6
thay doi khong nhu hoai vong tir ma ngudn. Tuy nhién cach tdi vu nay ciing khong han 13
dat yéu cau, boi nhu trinh bay, c6 thé mot vai bién bi loai trir, vong 13p hay ham delay c6
thé s& bi thay bang NOP don gian. Hiéu qua thoi gian thuc thi c¢6 thé nhanh, nhung két
qua tinh toan thi can thim dinh ! Hay than trong véi cac doan code lién quan toi I/O va
lién quan t&i anh xa I/O vao bd nh, t6i wu code c6 thé xdy ra 16i | Bé chdc chdn va tham
dinh lai code, hdy so sanh hai két qua thé hién & cdc tép *.lIst sau khi dich co 16i wu va
khéng t6i wu !

= Xray (Soi tim 16i kiéu chup X quang): G& rdi phan mém nhu moé ta c6 vé& nhiéu bude, tuy
nhién ciing ton tai phan mém mang dic diém hop nhét cho g& rdi. Do 1a phan mém cua
cong ty Microtec c¢6 tén Xray. Xray 1a tip cac cong cu hd tro g& rdi hop nhit cua
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compiler, cong cu debuger lién két v&1 emulator, ho trg gd roi to1 muc tac vu trén bo
mach.
Xray structure:

xray
interfacs
Symbolic
information
Debugger
information

. |
]

I:I).:.ﬂ:r

Simulator Ermuildic OnEg wd
monitor/ sdebugger
or task lewvel
debugger

Hinh 470 Cac low =6ng cu ho tro go roi
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DA TA 1 STACK 14
BEAAFFE4 =000
AERAFFES=00000000
AEAAFFIC=-00000000
AEROFFIE =00000000

SF- 0808 FF I =00000000

(X, I TN

DDE p— 1
-— 17 = for(i = @:<= i<MaX_FRIHE:
=000100AE 7400 MOVED  #%0,D2

*»» 18 flags[il = 1:

20010080 207C 0001 2148 MOUEA.L #512148,A0
20010000 11BC 0001 2000 MOVE.B 851, (50,A0,D2.1)
-— 17 for(i = ©: i<HAX_PRIAE: =» i+

000100BC 5202 AbDY.L #51,D2

PC=008180AE pi=000100AC
DE=00812Z2BC AO=000122C4
D1=FFFFFFFF fAl=00012084
DZ=00808008 AZ=0001215C
D3=00800008 AI=00000000
D4=00808008 A4=00000000
D5=00000008 A =00000000

- 17 forlii = 8: =» i{HAX_PRIAE: {= }|DH=00000001 AG=00000000
000100BE VO11 MOVER  #511,D0 D7=00000008 AY=-0000FFD4
00010000 BOHZ CHF.L  DZ,D0 SR=00108111000160100
00010007 GEEC BGT.B 510080 T3 111 KNZUC

Command T 4 BHOQO  MODULE: SIEVE BEREAK #: 1 HELF=F5 HRI £.2A
CORMAND: 1

> go
Break # 1 on instr module SIEVE line 17
>

RENK gy & 5
[ ADDRESS RODAFHCT LIKE T COMAAND ARGUAENT
1 0OG100AE STEVE #17:1 IH5T. #17
£ D00160DE STEVE a3 INST-h %23

A N
—  CODE
L 17 fory = @: “GX_FRIHRE: i++)
18 Flags. ° = 1:
19 cor. = B i<Hh. TRIAED i)
20 ifif lags) 1)
21 i
22 prime = i + 1 + 3:
= 23 E=1i+ prime;
24 while (k < MAX_PRINE)
25 1
26 flagsLlkl = 8:
Conmand HEDO0 HODULE: SI1EVE BREAK #: 1 HELF=F% HRI Z£.2nA
COHHAND 1
> o
Break # 1 on instr module SIEVE line 17
»

Xray scresn shors

Hinh 4.20 Két qud hién thi cia g6 roi
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Hiosd Target
(devaloprmeant system) (embadded systam)

Cavelapment ool

Application
Coampilation tools

-loranes Dasign companant
P pREPC+
e ol M
A pHILE=
. paEoE-

Aray+ Source Evel cross
debug/analyser pROBE+ targst

ce DUE-: er

Hinh 4.21 Lién két giiv hé phat trién va hé dich dang dweoc g6 roi

= Hé phat trién-HPT (development system): M7 giai phap khac dé phat trién phan mém
cho HTN la st dung HPH dich 1a cong cu p’at tr. . ngay trén bo mach hay trén mdt may
tinh khac twong tu. Cach nay 1a cach t"vén thong ~6c khi co cac PC gia ré két hop
phan mém dich chéo (cross-compilaion) . n nhat tré.a d6. Thuan loi khi dung HPT la
code tao ra chinh 14 code cho hé<ich, ké ca ¢ - thir vién dong, khong c6 thay doi. Phan
mém dich c6 thé thir nghiém #'én b T trudc khr tai xudng hé dich. HPT c6 HPH day du
va ¢6 san cong cu g& rdi »rong cu i v khong c6 trén hé dich. Tuy nhién cling c6 vai
diém can luu :

»  Chikc nang ddu phdy don_ e quan Ii bé nhé (Floating point and memory management).
Hai thanh phan nay c6 trén . T, nhung hé dich khong c6. C6 nghia 14 code tao ra trén
HPT sé& khong chay trén hé dich, do d6 can viét lai cac code nay va lién két vao code
dich. Nguoc lai code méi nay c6 thé khong chay trén HPT, 1i do 12 hé mo phong.

» Ki thugt mé phong (Emulation): Mot trong cac ki thuat mé phong 1a In-circuit
emulation (ICE) ding dé chay mé phong mot CPU trong qua trinh thiét ké HTN. ICE cho
ta mot ‘clra s6” dé twong tac v6i hé dich. Thong thudng phan mém nay s& ndi vao dé cam
ciia CPU hé dich (bo khoéng c6 CPU!) qua mot thiét bi ho tro (cong JTAG-Joint Test
Action Group hay BDM- Background Debug Mode), ding phan mém mé phong CPU,
1ap trinh va chay chuong trinh. Hé chii c6 thé 13 mot may Analyzer logic v6i nhiéu dau tin
hiéu dé ghi nhé cac gia trin trén BUS cua CPU. Pay 1 cong cu manh va kha dat, nhung
rat hiéu qua dé phat trién HTN. Ngoai ra con c6 mét thiét bi khac két hop v6i Analyzer
logic voi cac dau cip (probe) vao bat ki tin hiéu ndo trén bo mach dé kiém tra, g& rbi, d6
1a OnCE (on-chip emulation).

(Poc thém cdc thiét bi lién quan !)

4.2.6 Phat trién HTN
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C6 nhiéu giai phap lua chon dé phat trién HTN, c6 thé néu ra nhu sau:

1) Dung bo mach thwong mai, may tinh nhing chuan, kiéu PC goi 1a PC/104 (embedded
computer standard kiém soat boi PC/104 Consortium) véi mot so CPU da ning (dong

low-cost x86 processor).
Loai nay thudc kiéu controller, ¢ hé diéu hanh, c6 IO nhu may tinh thong thudng, lip
theo kiéu xép chdng 1én nhau, hinh khéi: motherboard, analog-to-digital converter,

digital I/O (data acquisition) module, ghép ndi véi céc ngoai vi khac ¢ trén thi truong,
BUS ISA, PCI, ké ca thiét bj thu tin hiéu GPS, mang khong diy IEEE 802.11, va USB
(43 dé cap ¢ chuong 1). Hé diéu hanh: DOS 6.4, Linux, RTOS.

Véi giai phap nay, cong viéc tiép theo phan 16n 1a phat trién cac phan mém tmg dung, cac
trinh diéu khién thiét bi, thu nghiém va dua vao ting dung. Néu 16p tmg dung nhing nho,
dung gidi phép nay s& lang phi.

Tham khao thém: http://www.controlled.com/pctudtaqg/

http://www.pc104.org/pdi /PC1.  trade show.pdf

2) Thiét ké theo yéu cau (customize)
Giai phap nay co thé sir dung dé x3y dung cac "IN vdi cac qui mo rong, tir don gian dén
phirc tap. Qui trinh va ki thuat +hiée 4 nhu da tri .n bay & cac phan trén. Chung loai CPU
cho giai phap c6 phd rat rone. Hién & 1. 4c ta phd bién cac cong nghé sau day: dung chip
PIC ((Programmable Ziterfac  Contro. 2r cua Microchip Technology), hay PSoC
(Programmable System-. -Ck.p ctua Cypress Semiconductor) xay dung cac micro-

controller. Cac san pham lo, nay dang Kit hay linh kién roi c6 cong cu phat trién ban
kem.

Vi du thiét ké bo mach tur linh kién: Xem vi du Hinh 2.18- Cdu hinh t6i thiéu bo mach
CPU 8085, RAM/ROM/Ports vdi CPU 8085, ROM 8755, port 6165
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» Hé phat trién, cong cu xdy dung phin mém va nap vao HTN dich
v Hé phat trién:

HE chil dé phit trién “ Hé théing nhing dich

Phin mém dich
thwéng trd

Két

Serial

Bo mach
HTN dich

FomiJTAG

“ackgound Debug Mode
Cong . ‘'=bug dang ICE JTAG

Ethen.
-—— ——

[N

Hinh 4.22 Méi truong phé trier. héo: hé phat trién — céng cu - HTN dich

v Phan méri dicti ong mot  , thong nhiing, sit goi tit 1 code image:
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MICROPROCESSOR ETHERNET X
SERIAL PORT

N \; nr

Pl
,..'____:_:___‘ _ n cimg nhing

— — i _"‘—u—______
TIME, A J

Hinh 4.23 Hé thong nhi“ig ohan mém , ung va phan cirngnhiing

v’ Xay dyng, phat tri*, 4n mém .~ gom:
Lap trinh, g& r4 mo pt ng (cimg/mém), hiéu chinh, ...

Kit phat trién

ng dung nhiang

Cong cu phat trién

HE Ngan xXep {Integrated Development
PMTG | (STACK) Environment (IDE))

Thw vién (text,
iruphius]
Hé didu hanh
(OS)
Bigu khign thiét bif
API v&i phan elrng
triru turorng (HAL)

Compiler Debuggers

Emulation v -

(logic p———
analyzer)y . [ ,r’_
T [ S—

Mang (IP
core)

1

Hinh 4.24 Hé phat trién HTN
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Tép ngudn clha ngudi

/ phat trién phin mém

Makefile

C/C++ Source
and Header
Files (e.g. *.c,
*.cpp, *.h, *.hpp

(e Assembly Linker
‘h-igkeﬂle" Source and Command
JI Header Files File

(e.g. =5, *.h) (e.g. *.Ink)

Y Y Y
Make Utility |, Preprocessor

i
Compiler ——%| Assembler

Object Files
(e.g.".0)

—

Library Files I

(e-g. *.a, ".lib) cn.Xer . ! Locator T‘—

|
|
| | Archive Utility |€¢——
|
|

Relocatable T Shared Object Executable Link Map
File | File Image File
(e.g. .0, ".a) le.g "0, "a) (e.g. *.elf, *.coff, (e.g. *.map)
L *.hex, *.out)
Cac kidu tép d3ura

Hinh 4.25 Qui trinh phdt trién phan mém dich dé nap vao HTN dich.

v Nap vao bo mach dich
Thur nghi€ém, danh gia

Hoan chinh.
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Hé phat trién: PC +

App C sources phan mém phat trién

v

C compiler
C header

files (*.h) —
*
Preprocessing

Compiling

< >
Asembler —»Ej—r E

libs H@—»
ROM burner g
‘@’ Meft vao

soxur
10]e207

:

HTN

) o
1 1

3
¢
g
‘N‘ ‘ﬂ“l
%
g
[o[~[o]a

init

a3
a4 GND

HTN

Hinh 4.26 Qui wwinh pr. “trién phan mém cho HTN

Cong cu lién két (linker) va i vi (lo ator) tao'ra tép thuc thi kiéu ELF (executable and linking
format) dang nhi phan (kiéu imag. 'ay code image) c6 thé anh xa hay nap vao ROM.

Schematic Memory Map
Memory Type  Memory Address
Processor
ROM 0x00000h
Address Bus 0x0001Fh
¢ @

Data Bus Flash | 0x00040h
? ? ‘ 0x0103Fh
i Hiash el 0x10000h

RAM
O0x1FFFFh
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Hinh 4.27 S¢ do don gidn hé thong va dnh xa bg nhé vao EEPROM hay FLASH ciia HTN dich.

= Khéi dong hé thong
Sau khi phan mém phat trién di dat duoc cac chirc ning co ban, da dén lac “nap” vao
HTN dang xay dung dé chay thir. Trong moi truong hop, da HTN c6 hay khong ¢6 hé diéu hanh,
déu can c6 mot qui trinh, goi 12 “ khoi dong hé théng”. Khoi dong hé thdng (hay boof) nim trong
qua trinh thiét ké, két hop mot vai yéu té nhu sau:

v" Tao cong cu:
Str dung chuong trinh nap (loader) véi chiic nang s€ “nap” t€p anh (code image) tir hé
phat trién (may PC) vao HTN:
r Boot Image

Loader

Boot ROM —

[—"arget Monitor
—

- BDM / JTAG
Socket b

Microprocessor

Hardware Wiring Jumper Pins

Hinh 4.28 Vai tro cua trinh loader

Loader dugc viét riéng va s& dugc ghi vao boot ROM. M6t phan dia chi ctia boot ROM
s& chtra boot image (14 phan code do ki sur phan cimg viét) s& thuc hién cic ma can thiét
theo qui trinh bat may ngudi (Power ON System Test-Cold Boot): khoi dong phan cung,
dua cac vi mach, phan vung bg nhd, khong gian dia chi ... vao trang thai ban dau. Sau
hét boot loader “nhay” t6i dia chi RESTART hay START ciia phan mém hé thong dé
chuyén diéu khién cho né. Tt lac d6 hé théng bit ddu hoat dong.

Trong qué trinh phat trién, cdc phan mém can c6 bao gom:

- Boot hé théng nap vao EEPROM/ROM:; Boot ROM can ¢ tién ich c6 kha ning
két ndi voi hé phat trién, vi du nhu giao thirc TETP, dung dé tai phan mém vao
FLASH;
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- Phan mém hé théng (Monitor hay RTOS);

- Phan mém tmg dung nhung;

- Tai phan mém hé thdng va cac tmg dung nhiing vao FLASH. Néu nap vao
EEPROM r16i thi khong can budc nay).

= Nguyén li khéi dong hé thong:
Nhdc lai dinh dang tép thuc thi ELF (Executable and Linkable Format)

ELF header

Program header table

text

e ta

.data

¥

Section h. ‘'zr table

Hinh 4.29 Phan p. ='am header table chi ra cdc phan doan dwoc sir dung liic
chay chwong trinh (ru. “‘ime) va phan header liét ké tdp cdc phan nhi phdn : .text:
ma chwong trinh, .rodaza: dir liéu chi doc, .data: dir liéu doc/ghi duoc.

v/ Phén cimg lién quan t&i RESET ciia loai CPU sir dung.

v/ Khéi dong c6 hai cach: “khéi dong ngudi” 1a khi bat ngudn may, va khai dong nong,
tirc RESET néng khi may d bat ngudn, hay chinh xéac 14 khai dong lai nong.
Khi thiét ké phan cing phai c6 mach dién tir tao ra xung RESET va ndi vao chan
RESET cua CPU. D¢ rong clia xung nay bang may CPU-Clock phuy thudc vao timg loai
CPU su dung va can thue hién chinh xac. Pau vao nay thuc té 1a td hop cua mét sb tin
hi€u quan trong, c6 tdc dong khdi dong lai may. Vi du tin hiéu tr “watchdogs”, cac su
kién su cb hé théng, can thoat khoi vong 1ap quén va ¢o thé c6 mot vai tin hiéu khac,
phu thudc vao thiét ké.

v/ Phan mém thuc hién c6 tén phd bién 13: boot, bootstrap, hay bootloader (voi hé co hé
diéu hanh). Phan ma thyc thi goi 13 boot code. Thong thuong ma nay nam trong ROM
nhu 1a4 mot phan cia BIOS. Mot s CPU c6 kién tric voi mot bd dém chuong trinh
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(Program Counter — PC) tu dong cAu hinh chtra dia chi cia ROM ma tai dia chi d6 la
1énh dau tién s& dugc thuc hién, hay phuc tap hon la 1énh “nhdy” t61 mdt bang dé chon
“ché d6 may” s& khoi dong (vi du khi khoi dong hé théng co hé diéu hanh, véi Intel
X86, ban dau chay ché do thuc (real mode), sau d6 nap nhan h¢ diéu hanh va chuyén
sang ché do chay bao vé (protected mode) voi hé diéu hanh).

4|—> ROM 0x00000h
.rodata | } 0x000FFh
0x00110h
_loader }—l—’ FLASH
sxiiach 0x0410Fh
_monitor 0x05000h
.sbss R RAMBO
0x24FFFh
.sdata 0x25000h
—> RAMB1
text
.bss _ J
.data
0x224FFFh

Hinh 4.30 An’ xa tr. = thi chuyén vao bé nhé ciia hé thong
.rodata: Cac thong s6 ¥00i a, g hé thor. ; thuong khong doi, do dé dé & ROM;
_loader hay _wflash : st._“code hay loader, code nay dé & RAM hay FLASH;
_monitor: ma cua chuong trir .1 monitor.

.sbss (block started by symbol) hay noi chira cac bién tinh ¢6 hay chua khoi dong véi

gié tri bang 0 trong ngén ngit C), va,
.sdata: HTN dung monitor hay OS dugc tai dinh vi vao RAM;

.text: ma chuong trinh hé thong va ma ting dung nhing.

Khi hiéu duoc phac thao bb tri b nhd cua CPU st dung, s& d& dang hon khi nap ma
thyc thi vao hé thong. Hay theo ddi nhur trén hinh 4. 11:

- Sau khi kich hoat RESET CPU thuc hién khéi déng cirng, ddy CPU bat dau thuc hién
mot chuong trinh, hay mgt ma “nhay” t61 mot doan ma khac tiép tuc qua trinh khéi

dong, goi 1a khoi dong mém.
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- Khéi dong mém (start code, hay loader OS) thuc hién mdt loat cac thao tac tao ra su

phan chia bd nhé thanh cac vang chirc ning (STACK, DATA cho hé diéu hanh, nhan
hé diéu hanh, ...), khoi dong cac vi mach véi cac thong s6 c6 trong BIOS DATA ¢
ROM, ... va nap hé diéu hanh va chuyén t&i 1énh ddu tién cia nhin hé diéu hanh.
Nhan tiép tuc khoi dong cac co s¢ dir licu ctia nhan, khéi dong cac dich vu nhan ...
va chuyén sang ché do bao vé.
Véi cac bo mach thwong mai, start code cho HTN can kha nang tuy bién dé ap dung
cho c4c bo CPU khac nhau. Bé co chuc nang nay, b dich C ty dong sinh code co
chtra t€p hop ngit tach riéng chua ma cua start code. Céac tép nay cé tén crt0 hay crtl
(crt=C Run Time). Ty bién cac tép nay dé c6 start code phi hop véi bo mach.

v Bdi v6i cac san pham bo mach trén thi truong, cac bo mach déu cé gbi phan mém hd tro
di cung (board support package (BSP)) v6i ma chuong trinh cho hé diéu hanh lya chon
chay trén bo mach. Thong thudng 13 mot loai bootloader két véi thiét bi chia hé diéu
hanh va cac TDKTB (device drivers) dé diéu kbcn ¢t ca cac thiét bi trén bo.

*  Vidu vé mjt phan mém hd tro : Moni r
Mot giai phép tich hop loader va beat ime 2 14 str dur.g mot phan mém monitor nhiing.
D6 1a mot loai tng dung nhing =+ cac nha sa vuit cac HTN cung cap dé sir dung trong
qua trinh ngudi dung phat tri‘a bo »ach nhung ctia ho. moni to giuap ngudi phét trién
phan mém cho HTN kiém 90 rdi hy 10ng dich ngay khi cho hé hoat dong (run time).
Giéng nhu boot image” monit r dugc thyc hién khi bat nguén va no s€ khdi dong hé
thong:

v' Khéi dong céc thic i, nhu cac cong cac két ndi (ndi tiép, song song, mang).
khoi dong cac bo dinh thoi, ...
v" Khoi déng dia chi ctia bo nhd dé tai phﬁn mém hé théng,
v/ Khoi dong vi mach diéu khién ngit, nap cac vector ngat, cac ISP ...
Monitor ding nghia giao dién nguoi ding qua thiét bi dau cudi (1a PC) qua duong két nbi,
thuong 1a két néi ndi tiép, véi ché do dong 1énh (Command Line Interface-CLI), qua d6
ngudi phat trién ¢ thé thyc hién:

v Tai image code xudng hé dich;

v Poc/ghi vao bo nhé cua hé thong dich;

v Poc/ghi cac thanh ghi ciia CPU cta hé thong dich;
v’ Lap va x6a cac diém ding khi chay go rdi;

v" Thyc hién chay ting 1énh;

v Reset hé thong qua 1énh.
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Monitor thuong do ki su phan cung viét ra dung cho ca hai chirc nang: chuan doan phan
cung (diagnostics) va ma go roi cap thap. phan mém monitor ¢6 thé c6 ¢ dang ma nguon, nén
viéc tuy bién cho hé cu theé 1a rat kha di.

= Kich ban boot h¢ dich
Phan nay gidi thiéu qua trinh khoi dong h¢ dich, tuy dua minh vao hoat dong.

Cac CPU caa HTN sau khi bat ngudn, hay RESET (mém do dinh thoi, hay cting 4n cong tic) s&
tim va thuc hién cac 1énh dau tién ma dia chi do CPU duoc thiét ké. ma tai dia chi nay con goi la
reset vector. Thong thuong reset vector don gian 1a mot 1énh nhay (JMP addr) té1 mét dia chi
khéc, ma & d6 ma khoi dong chinh s€ dugc thuc hién (xem vi du & PC chuéin phia sau). S¢ di nhu
vay 1a vi cdc CPU c6 mdt khong gian diga chi rat nho danh rién cho cac muc dich dic biét, do
vay néu doan ma khoi dong qua dai s& khong du chd cho nd. Hon nita reset vector cung nhu ma
boot khoi dong phai nam & vi tri nhé ¢6 dinh (trén RCM h¢ théng, hay FLASH trén bo mach,
hay trén RAM khong bi mat ndi dung NVRAM). Kbi'n: 4 loader & ddy s& qui chiéu toi ma thuc
thi bay boot hé théng (system-bootstrap), tai phasi n.ém he 4ng (boot image code) va cac budc
khoi dong.

Tét ca s& duge gidi thiéu thong o wvidy, lade ng nhat.

Gia dinh HTN duoc phat tridn va lap  'nh vo1 bd nhd FLASH trén bo mach dich. Phan
mém dich (boot image) 1 tap <ac ph. 1 doan ch .ong trinh khac nhau. M&i phan doan c6 vi tri
xac dinh trong bd nhé. Reset v tor.Chira trong mdét ROM nhé dugc anh xa vao dia chi 0xOh.
ROM chira mét s6 gia tri (hang) ti. »g thudng ma CPU can c6 khi reset. Cac gia tri do6 1 reset
vector, con tro thanh ghi ngin xép (sta. < pionter), mot sb dia chi cia RAM ...

Vi du dugc minh hoa nhu hinh sau:

250



XAy dung cac Hé thong nhiing

POWER/RESET Fetch & Execute
Memory Map
B e 0x00000h
::::t"‘tf:;:‘:r reset vector is at 0x0000h ROM
0x0001Fh
l 0x00040h
Execute L |
Loader H
1 code comes from FLASH 0x0103Fh
I |
[}
|
Initialize e
Hardware <

0x10000h

z No Download Image
Image in
ROMFLASH -~ | from Host Into RAM ']
0x103FFh
4
Copy image from Ini#*'fize  Image in
ROM/FLASH to RAM AM-Re. RAM
Initialize code durig space

= 1
v

Execute the
New Image

Hinh 4.31 Vi du tong quan vé boostrap hé thong

Reset vector dinh vi tai 0x0000h ctia ROM, tir do6 c6 1€énh JMP 0x00040h: nhay t6i dia
chi 0x00040h & FLASH. Piéu khién (hay startup initialization) bit dau thyuc hién & dia chi nay.
Mai ¢ ddy gdm chuong trinh tai boot image code, cac ngat ngoai 1é ctia hé thng (tro t6i cac ISP
tai FLASH) va cac chuong trinh khac. Trén hinh 1a doan “code comes from FLASH”.

Phan dau tién ctia qua trinh bootstrap 13 dua hé vao trang thai dau tién (known state): cic
thanh ghi ctia CPU duogc khoi dong voi cac gia tri mac dinh phu hop, stack pionter nap gia tri da
xac dinh (hang) trong ROM. Loader s& cdm ngét ¢ giao doan ndy vi chua c6 cac ISP trong bo
nhd; khot dong dia chi cua RAM, dia chi ctia cache (néu c0). Loader thyc hién kiém thir cac thiét
bi véi vai ché do co ban.
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Phan mém chay & RAM thuong nhanh hon & FLASH, do d6 loader s& copy mot phan ma
tui FLASH vao RAM. Tai day phén loader s& c6 hai dija chi: dia chi dé nap vao RAM va dia chi
chay ctia chuong trinh dd copy va RAM. O day sir dung debuger s& gitip giam sat tinh hudng out-
of-RAM khi copy va chay.

M thuc thi c¢6 phan dir liéu (DATA segment) dd duoc khoi dong va phan chua duoc
khoi dong. Phan dit liéu ndy cin copy vao RAM va do d6 doc / ghi dwge. Cac ma lap trinh nhu
.data hay .sdata chira cac gia tri khoi dong cho cac bién téng thé va cac bién cuc bd. Phan ma
xac dinh & .bss va .sbss khong khoi dong luc nay.

Tiép theo 13 khoi dong cac thiét bi. Chi cac thiét bj ma loader can 1a duoc khoi dong vao
thoi diém nay. Cac thiét bi nay chi 1a mot phan ctia I/O va s& duoc khoi dong tat ca sau khi imagr
code da dugc tai hoan taastvaf thyc hién ¢ khau startup.

bén day loader da du cac diéu kién dé tai cac phﬁn mém hé théng, RTOS, tmg dung ...
cac phan mém nay xuat phat tir hai ngudn:

1. Tir hé phat trién;
2. Tur thiét bi nhd chi doc nao d6 b4 ngoai trén 1. »hat trién.

= Cackich ban chay phin mér-'he¢ 4ng c6 the .nwr sau:
1. Chay tir ROM, con RAM vanh cr. i liéu

Mot s6 HTN ¢6 gidi han 06 nh.  do d6 he s& khai dong truc tiép tir ROM. Trong truong
hop ndy s& khong ¢6 qua « =h oopy ma 1énh vao RAM dé chay. Tuy nhién khong gian cho
dir liéu van phai xac diinh  RAM (nh¢ khi 1ap trinh). C6 2 thanh ghi co ban la IP
(Instruction register)-thanh ghi I .n, tré vao 1énh tiép theo sé& thuc hién (.text) va SP (Stack
Pointer), trd vao dia chi tiép theo trong ngan xép. ngdn ngit C str dung ngan xép dé truyén
cac thong s khi kich hoat mot ham. Ving ngin xép phai & RAM va SP phai tré vao d6 khi
khoi dong CPU.

Qui trinh khoé1 dong nhu sau:

1) Thanh ghi IP duoc thiét ké cting dé thuc hién Iénh dau tién trong bo nhé, do 1a
reset vector.

2) Reset vector nhdy tdi 1énh dau tién cua phan .text cia mi boot (tirc boot boot
image), .text thuong tri trong ROM; CPU dung IP dé thuc hién .zext, khoi dong
b nhd, ké ca RAM.

3) Phan .data cua boot image dugc copy vao RAM dé c6 thé doc/ghi.

4) Xac lap .bss trong RAM.
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5) Xac 1ap ngan xép .stack trong RAM, khai dong SP tré vao dia chi dau cua stack.

6) Hoan tat khau khoi dong, CPU tiép tuc thuc hién cac 1énh trong .text cho t&i khi
hé théng hoic shutdown hay RESET.
Luu y & day 1a cac 1énh dau & bude 1) khong & dinh dang chuidn ELF ma don gian
13 m3 may nhi phan san sang chay. Nhung boot image & dinh dang ELF (viét ra tir
cong cu phat trién) nhung khong c6 program header va header table, do d6 luu ¥
viét ma thuc thi sao cho ¢6 thé khéi tao céc phﬁn .datta, .bss, .stack trong RAM. (
vi du néu ding hop ngir thi gan nhan, ...).

CPU
IP
@ ROM SP
—»| Reset
Vector
TAM
@ > Jdext -':)
Boot (Copies N\
iiaga .data | @ .data
.bs= '™ R e [
4R B @ stack <

Hinh 4.32 Trinh tu boot boot image chay tr ROM

2. Chay 6 RAM sau khi ma da copy tir ROM vao RAM
O kich ban nay, boot loader s& chuyén mét chuong trinh nhé tir ROM vao RAM
va kich hoat né chay. Thuong ma chuong trinh hé théng trong ROM rit 16n ma duoc ghi kiéu
nén dé nap vira ROM, nén boot loader phai giai nén trudc khi khoi dong phan ma nay va né can
khong gian nhé & RAM dé thuc hién.

1) --- dén 6) gidng nhu & trén. Moi truong lam viéc cho loader dugc khoi dong &
RAM (3, 4, 5).
7) Loader copy phan ma nén cta image vao RAM.
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8) —> 10) Copy cac phan ma di giai nén vao cac ving lam viéc tam trong RAM (8,
9, 10) . Hoan tit giai nén image. Image trong RAM ¢ hinh 14 doan Final Boot
image.

10) ...

11) Loader chuyén diéu khién cho image bang mot 1énh JMP vao .text (nap cho IP dja
chi nay trudce khi JMP t61 do).

12) Ving RAM ma loader chiém khi dugc copy tir ROM 1a tai st dung, SP duoc tai
khéi dong dé tré vao d6 va duge dung nhu ngin xép cho mot chuong trinh méi
nao d6. Vung RAM dé giai nén giai phong dé str dung khac. Hé théng di vao hoat

dong.
CPU
I
Re-init SP
@ ROM SP I | @
| Reset
— Vector _— :
]
@ | text - E
Loader [~ o E?PL%%-.@ [ e DR T
Image |
4
bss Reservyg ) Ibee N
(SJ Stack 1@ memory space
Copi 3 | T
=== - ¢
5 @ text @
Initial e .
compressed ) .4 Final
Boot Image i . bas Boot
i i Image
1 ]
] ]
i v Work area used for
e N decompressing image
Reserves

Hinh 4.33 Trinh tu boot thuc hién 0 RAM sau khi image da dwoc copy tir ROM vao RAM

3. Chay tir RAM sau khi tii xuéng tiv hé phdt trién (dang phdt trién hé thong)
La kich ban trong qua trinh phat trién. M6i truong phat trién ¢6 mot PC hé tro. Sir dung dé
phat trién cac phan mém tng dung cho hé thong nhing. Phaaffn mém phét trién ndm trén
PC va sé tai xudng hé dich dé chay thir hay nap vao hé dich ¢ pha cudi cting. Trong RON
cd mot chuong trinh goi 1a Debug Agent dong vai tro kép nhu mét loader nhu & cac kich
ban trén.

1) ...6 ) giéng nhu trudc
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7) Taiung dung tr PC vao hé dich.

8) Kiém tra sy hop nhét ctia phan mém tai xudng.

9) Giai nén tmg dung néu can.

10) ... 12 ) chuong trinh debug tai dinh vi tng dung vao vi tri trong RAM (10, 11,
12).

13 ) Debug chuyén duéu khirn cho image da tai xuéng. Hé chay.

CPU
|
ROM SP I

Reset
Vector
RAM
@Yo o
Debug s =
Executable Agent LA @> -data
Image .bss B?§_&__ q,___> _bss

.data

text l_—_ N ) S 4®

.bss
Cc .es . -
g . =P .text @
| Copies @
e | .data Final
J i Reserves@ Executable
| (N s »| .bss Image
~ e
— 1
B R e it text e
. Initial
s < data Executable
! :’ »> Image

Download :
@ So—l

Hinh 4.34 Chay image sau khi da tai xuong hé dich tir hé phat trién (PC)

= Trinh ty khéi dong phan mém ciia h¢ dich
Cho du hé s& chay theo kiéu nao thi sau khi loader trao quyén diéu khién cho code image,
thi phan mém nay s& thuc hién cac budc khai dong hé thdng. Cac budc khoi dong hé
thong bao gom:

- Khéi dong phan cing,
- Khoi dong RTOS,
- Kich hoat rng dung nhting.
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Khéi déng phén cirng
Sau khi thue hién reset vector, cic thao tac co ban 1a can phai khéi dong cac phan ctng
t6i thiéu, bao gdm:

- Bit dau thyc hién reset vector (JMP t6i dia chi cia boot loader).

- Pit CPU vao trang thai cac ding ban dau, cac thanh ghi dwoc khai dong véi cac
gié tri thich hop, 14y sb hiéu cia CPU, 1ap tdn s6 CPUcjock.

- CAm céc ngit va cAm cache néu hé c6 cache.

- Khoi dong cac Chip diéu khién bo nhd (MMU), diéu khién cache (MCU).

- Lap dia chi dau cho RAM (thong s6 ¢o & ROM), lfiy toan bd kich thudc cuia RAM
trén hé, thuc hién kiém tra RAM (ghi/doc, vi du véi gia tri AAhex/55hex).

Target
Initiali- ‘tion
Sequ. e

l_i'\ese; Vectu —l )
@ . 9 I Minimum

: Boot Image
Hardware | 2\ | Lo mum 9

g Ha are
Initialization | -~ _ ) > BSP

‘ | Initializ on
h, | Remaining

Hardware
| Initialization

'""Ji""""""""& """"" "‘"\_ """""""""""""""

RTOS
Initialization

Software

®
Initialization | (5) v
®

(RTOS) RTOS > RTOS
Component
Initialization

Software @ Transfer
Initialization Control to Your o
(Application) Application Application
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Hinh 4.35 Tién trinh khoi dong phan mém HTN

- Sau khi khéi dong CPU va RAM, boot loader s& copy va gidi nén code imafe vao
RAM, nhu da noi trén.
Hau hét phan m3 cua boot loader va cac budc khoi dong viét bang hop ngit va
hudng cu thé toi loai CPU su dung trén bo mach dich. Phan code con lai viét bﬁng
C/C++.

- Tiép theo 13 ma khoi dong cac phan cimg khac cta code image, bao gém: khoi
dong cac vi mach diéu khén, nap cac chu trinh thao tac, nhu ISR, khéi dong cac vector
ngit (ctrmg/mém), khoi dong giao thirc BUS.

- Khoi dong céc thiét bi ngoai vi (cong truyén thong ndi tiép/song song, mang, ...).
Céc ki su phat trién HTN coi bude 1) va 2) & hinh trén 14 bude khéi dau, con tir 1) dén 3)
goi 14 cac budc co so BSP hay con goi 1a khoi dong phan cing. Dé viest ma cho BSP,
can nam chéic phan cung cua hé dich. C6 thé dur.BSP ciia phin mém phat trién, danh
gid ban kem bo mach.

Két thuc thanh cong BSP phan ci"ng 44 sarn. ‘ng va ngudi phat trién co cac ham
churc nang dé kich hoat phﬁn mém hé tho:  nhu RTOS Lle“ing han.

v Khdi dpng RTOS
Budc 4) dén bude 6) hiah trés bit dau ¢ .o khai dong phan mém hé thong, RTOS. Bao
gom:

- Khoi dong RTOS.

- Khoi dong céc dich va cua RTOS (cac ddi tugng cua tac vy, cac ddi tuong co
tranh chép—semaphore), cac hang doi thong di¢p, cac dich vu dinh thoi, cac dich
vu ngét ISR, céac dich vu quan tri bd nhd.

- Tao céc stack cho RTOS.

- Khoi dong mang (TCP/IP stack ).

- Khoi dong hé thong tép FS (file system).

- Kich hoat RTOS véi céac tép khéi dong hé théng cua RTOS (/initd).

v’ Khéi dpng phin mém irng dung nhiing
Sau khi RTOS da chay, phﬁn tiép 1a kich hoat cac ung dung. Céch kich hoat phu thudc
vao nguoi phat trién tng dung, thuong 1a RTOS s& goi mot chiic ning xac dinh trudc
trong chudi cac 1énh init hay cron viét theo shell hé thong.

v G réi bang cong cu bdn kém (On Chip Debugging — OCD)
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Cac nha cung cap phan cimg thuong mai thudng c6 OCD di cung, trong d6 phan mém
BDM (Background Debug mode) va JTAG (In the 1980s, the Joint Test Action Group
(JTAG) developed a specification for JTAG testing that was standardized in 1990 as the
IEEE Std. 1149.1-1990. In 1993 a new revision to the IEEE Std. 1149.1 standard was
introduced (titled 1149.1a) and it contained many clarifications, corrections, and
enhancements. In 1994, a supplement containing a description of the Boundary-Scan
Description Language (BSDL) was added to the standard. Since that time, this standard
has been adopted by major electronics companies all over the world. Applications are

found in high volume, high-end consumer products, telecommunication products, defense
systems, computers, peripherals, and avionics. In fact, due to its economic advantages,
some smaller companies that cannot afford expensive in-circuit testers are using JTAG.)

hittp://www.corelis.com/education/JTAG Tutorial htm

= Cdcvidu

Vi du Intel CPU 8085: RESET => [P=0x0000 1> 4ia ¢. ~ua EPRON.: Khéi dong ché @6 ndi voi Console
(Keyboard), sau d6 nhay vé chwong trinh k'oi dong he. "™MP CLDST (Khoi dong ngudi) & dia chi
0x01F1

T3 o wEw “RESET" KEY ENTRY POINT = COLD START
i j ¥ew** ST @ ENTRY POINT
[ ]
Bedd 3IEQR L6 MVI A,KMODE ; GET CONTROL CHARACTER
ve8Z 328819 fﬁ? 5TA CHTRL ;i SET KEYBOARD/DISPLAY MODE
Be@as C3irlel 6? JMP CLDST ; GO FINISH COLD START
. ' CLDBK t THEN JUMP BACK HERE
¢ H
i;; j ®e*** RST 1 ENTRY POINT - WARM START
Poan CLDST:
565 CLDST:
#1F1 3ECC 566 MVI A,KBNIT ; GET CONTROL CHARACTER
01F3 328019 567 STA CNTRL ; INITIALIZE KEYBOARD/DISPLAY BLANKING
#1r6 3E08 568 MVI A,CSNIT ; INITIAL VALUE OF COMMAND STATUS REGISTER
#1r8 D328 569 out CSR 7 INITIALIZE CSR
B1PA 32FF28 578 STA USCSR  ; INITIALIZE USER CSR VALUE
@1FD Cigaae 571 JHP CLDBE  ; BACK TO MAIN PROCEDURE
572
573 liiiiilllliili.iﬁﬁiitli!iIliiitiiﬂiiItl!!!!lli!tttt*tittttt!!ltlt*tttty
574 1

Trong khi d6 Intel CPU x86 trén PC hoat dong nhu sau: Sau khi thuc hién bat ngudn
(“khoi dong ngudi”), hay an té hop phim CTRL+DEL (khéi dong néng = RESET), hai
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thanh ghi phan doan ma (code segment — CS) va con tré 1énh (Instruction pointer — IP),
viét chung la CS:IP dugc nap gia tri OXFFFF:0000 (dia chi vat 1i 0OxFFFFO0). Lénh dau tién
phai thyc hién dé & dia chi nay, tai day thuc hién mét I¢énh nhay to1 doan 1énh khoi dong
goi 13 Kiém tra hé théng sau bat ngudn (POST Power On System Test) tai nhdn START.
Poan ma nay thyc hién cac cong vi¢c nhu sau: cAm ngét, khéi dong cac co cua CPU,
doc/ghi thir cac thanh ghi, kiém tra 16i (CRC) ctia EPROM, khéi dong cac vi mach diéu
khién ctia bo mach chinh v.v. Tiép theo khai dong lai va cho phép cac ngit khong che hoat
dong, thuc hién INT 19 dé chay chuong trinh mdi (bootstrap loader) nap ma khoi dong hé
diéu hanh (boot-record) tir dia cing xudng bd nhd, sau d6 nhay tdi dia chi cta boot-record.
Chuong trinh boot-record tiép tuc nap hé diéu hanh xudng phan bd nhé hé thdng. Lic nay
ché d6 hoat dong 1a ché d6 thuc (real mode) cua CPU. Sau khi HDH d nap hoan tat, ché
do thuc chuyén sang ché do ao hay con goi la ché do c6 bao vé (protected mode), do HBDH
kiém soat. Liic nay HPH cho phép ngudi ding st dung méy tinh.

(Vi du cua Intel 80286: Asz - Ag. cho cho 16 MB dia-cniwat i, 1 GB dia chi ao.

Initialization and Processor Reset Processor .niti.. ration or start up is accomplished by
driving the RESET input pin HIGH. RESFE " forces the . ‘80C286 to terminate all execution
and local bus activity. No instruction o= bus . -tivity will occur as long as RESET is active.
After RESET becomes inactive and an internar _~ocessing interval elapses, the MS80C286
begins execution in real ad ress  tode with the instruction at physical location
FFFFFO(H). RESET also set==~me regi, s to predefined values as shown in Table 6.

HOLD must not be acitv durir g the time from the leading edge of RESET to 34 CLKs
after the trailing edge of REC 7.

Table 6.M80C286 Initial Register Stateafter RESET

Flag word 00o2(H)
Machine Status Word FFFO{H)
Instruction pointer FFFO{H)
Code segment FOOO(H)
Data segment DOoO(H)
Extra segment DOoO(H)
Stack segment DOoO(H)

M8086 REAL ADDRESS MODE

The M80C286 executes a fully upward-compatible superset of the M8086 instruction set in
real address mode. In real address mode the M80C286 is object code compatible with
M8086 and MSE0SS software. The real address mode architecture (registers and
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addressing modes) is exactly as described in the M80C286 Base Architecture section of
this Functional Description.

Memory Size

Physical memory is a contiguous array of up to 1,048,576 bytes (one megabyte) addressed
by pins Ay through A9 and BHE. Ay through A,; should be ignored.

Memory Addressing

In real address mode physical memory is a contiguous array of up to 1,048,576 bytes (one
megabyte) addressed by pins AQ through A19 and BHE. Address bits A20+A23 may not
always be zero in real mode. A20+A23 should not be used by the system while the
M80C286 is operating in Real Mode.

The selector portion of a pointer is interpreted as the upper 16 bits of a 20-bit segment
address. The lower four bits of the 20-bit segrient address are always zero. Segment
addresses, therefore, begin on multiples o= Ic hytes. See Figure 7 for a graphic
representation of address information.

All segments in real address mode ure-64K vtes in size and may be read, written, or
executed. An exception or interri,. ~an occur 1 wa operands or instructions attempt to
wrap around the end of a segm nt (e.y 1 word with its low order byte at offset FFFF(H)
and its high order byte <. o, 2t 0000, “If, in real address mode, the information
contained in a segment'. -s not use the full 64K bytes, the unused end of the segment may

be overlayed by another seg. nt to reduce physical memory requirements.
Cac segment: 1:  00000-0; FFF => 0000:0000-0000:0FFF

2 10000-1FFFF => 1000:0000-1000:1FFF

3th  20000-2FFFF => 2000:0000-2000:2FFF

4" 30000-3FFFF

16" F0000-FFFF =>F000:0000-F000:FFFF

Hién twgng chong chéo trong mé hinh nay:
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Vi du: Cho dia chi 12564, tim cdc dia chi trung voi no o cac segment sau day: 1256 va
1240:

Dig chivat li = (segment * 16) + offset
Tur do:
Segnent * 16 = Dia chi vat li — offset
12564=12560 + X, va 1256A=1240 + Y
Vay:
X=12564-12560=A4, va Y=1256A4-1240=16A4
Cho nén ta co:
12564=1256:0004 = 1240:016A4 !!! M4t dia chi‘vat i ton tai ¢ 2 segnent !!!
Khi ¢6 dia chi vt li va cé offset, c6 thé tinh' a sé ¢~ segment.
Vi du: cho dia chi vat li la 8OFD2, véi of). ‘=BFD2. 1. n segment ?

Segment*16=80FD2-BFD2=75%c =>di chi ta. "00:.BFD2

1]
N OFFSET
Lnuo ( OFFSET ADDRESS
)
15 o
SEGMENT SEGMENT
SELECTOR 0000| AppDRESS
jf PE——
ADDER
9 o
20-BIT PHYSICAL
MEMORY ADDRESS
271103 =6

Figure 7. M8086 Real Address Mode
Address Calculation
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Reserved Memory Locations

The M8SOC286 reserves two fixed areas of memory in real address mode (see Figure 8);
system initialization initialization area and interrupt table area. Locations from addresses
FFFFO(H) through FFFFF(H) are reserved for system initialization. Initial execution
begins at location FFFFO(H). Locations 00000(H) through 003FF(H) are reserved for

interrupt vectors.

FFFFFH
RESET BOOTSTRAP |
PROGRAM JUMP 1 FEFOM
P - .
ﬂ: : *
3 d
INTERRUPT P~ TER
FOR VECTOR =
— aFcu
~ " =
= 7H
INTEIRUPT, 'NTER
R VECTL 4H
INTE RUPT POINTER 3H
| F JR VECTOR 0 o

INIT,.  ~S:IP VALUE IS FOOO:FFFO.

Real address Mode Initially Reserved Locations

Sau RESET CS:1P=F000:FFF0

Do do dia chi thdt sé la (CS*16) + IP = F0000 + FFF0 = FFFFO0

—DFBBEA: FFFA
FOBWA:-FFFA Ea SB EB B8 FA 368 34 2F-32 37 2F 36 35 88 FC 78 [...84-29-85..
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Doan ma hop ngit sau mo ta qui trinh trén:

sk sfe sfe sk sk sk sk sfe sk sfe sfe s she sk sk sk sk sk sfe sk s sfe st sfe s sfeoskeoskeo sk ke skt seskeskoskosk

*IBM PC AT System ROM BIOS Resident *

2k 3k sk s ok sk s sk s s sk sk sk sk s s ok sk s sk s s sk sk s sk sk sk ok skeoskosk sk skok kosk

CODE SEGMENT AT O0F000H

DB 57344 ; fill lonest 56K

DB ‘Award ........ IBM COMPATIBLE 486 BIOS COPYRIGHT Award
Software Inc...’

F000:E010 STGTST PP NEAR
F000:E010 MOV CX,400°1 ;SETUP CNT TO TESTT 16K BLK
STGTST ENDP

s sfe sfe she sk ke s sfe sfe sfe sfe sfe she she sk ske s sk st sfe sfe sfe s sfe she she ske sk sie st sfe st sfe sfe she she sk she sk sk sk sfe sfe ste sie sfe s seskeoskesk

* NOW CPU TEST: FLAGS, REGS, CONDITIONALJMPS*

sk ok sk sk sk sk sk sk s st sk sk sk sk sk sk sk sk sk st s sk ske s s sk sk sk sk sk sk sk sk sk s sk sk skoskosk sk sk skeskeoske ke skoskoskoskok

ASSUME CS:CODE,DS: NOTHING ,ES: NOTHING ,SS: NOTHING
ORG 0OE05BH
; System start:
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F000:E05B RESET LABEL FAR
F000:E05B START:

F000:E05B FA CLI ;DISABLE INTERRUPTS
F000:E05C B4D5 MOV AH, 0D5H ;SET flags SF, CF, ZF,F on
(Tiép tuc ma khoi dong)

CODE ENDS

2

Bat nguon khéi dong bat dau & day:

b

; POWER ON RESET VECTOR

2

VECTOR SEGMENT AT OFFFFV

FFFF:0000 EASBEO00Of:v JMi  “RESET ; Nhay t6i nhan RESET
FFFF:0005 30342F32392F5. ¢~ DB ‘04/29/05° ;RELEASE MARKER
VECTOR ENDS

C6 thé quan sat cac dia chi bang 1énh debug:
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=~ Command Prompt - DEBUG

C:~Documents and Settings“htcuoc HIC>DEBUG
—D FQO0:-ERBA
* Error

M COMPATIBLE 486
BIOS COPYRIGHT
Awvard Software I

NCowaaPuaa-q

Awvard Modular B
I05 vbe.BAPG. .2.3

LL...84-29.85..p
4

p....0 GG
-..UPQRUL..S...v
ce- BODLUML LR
Al B.Gk.gl k.
0.&.W..&.G..:.5,

[...84.29/85..p

Thong thuong start code thuc hién mot $6%1e *Ac nhu kién, = CRC cua ROM, test RAM, tai dinh vi ma
0 ROM vao FLASH hay RAM (shadov. 1 moac 4é thuc thi 1énh nhanh hon, thuc hién khéi dong cac
thanh ghi, khdi dong cac vi mach & “Ju ién tich 1. ».tén bo voi cac gia tri da 1ap trinh cho vi mach &
ROM .... Sau d6 thuc hién “nap’ hé diéu 1anh (trén/dia ciing) hay chuyén diéu khién t&i hé diéu hanh &
FLASH. Hé théng di vao hoat dong.

Vi du star code:
main()

{
//Check hardware (ROM, RAM);

//Khoi dong cac device drivers: cac Chip on board;

//Khoi déng cdc bién méi trieong;

//khéi dong cac CSDL hé thong;
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4.2.7

//Relocate RAM address, define memory map, load OS. ...;

//JMP to 1" instruction of OS

//system run ...

/

Vi du phat trién HTN

Muc nay dua ra mot s6 dau bai thuc hanh phat trién HTN, s& c6 tai lidu riéng cho mdi bai tap. Cac HTN

bao gom:

1))

2)
3)
4)

5)

6)

Thiét ké bo mach véi cac lua chon:
= CPU Intel 8085/8086,

= ROM, RAM
» Cac vi mach ngoai vi : 74257, . 244, 74245 7474, 8253, 8255, 8237, UART
8250/16450/16550

http://www.beyondlogic.org/serial/se. '2.htm

Phat trién HTN v6i micro controu er Inte. 951 véi phan mém KEIL Soft.

HTN véi PIC:

http://www.microchip.c£ ‘steller /idcplg?ldcService=SS GET PAGE&nodeld=2123&param=e
n022497

Hién nay trén thi truong c6 ban mach véi PIC 16F877 v6i phan mém Hé phat trién véi gia
900.000,00 VNBD, phtt hop cho thi.c hanh viét chuong trinh ing dung. Sau khi thanh thao, c6 thé
thiét ké phan ctng véi cac vi mach roi va phat trién ing dung cu thé tir don gian dén phirc tap.

HTN véi Linux, bo Tri-M MZ104 (Ho PC 104):
http://www.tri-m.com/products/engineering/mz104.html

Mot s6 hé diéu hanh trén HTN:
QNX 4 RTOS,

Windows CE and embedded Linux.

Palm OS

Windows CE

MS-DOS or DOS Clones

Linux, including RTLinux and MontaVista Linux and Unison OS
ONX.
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4.3 KET CHUONG

Chuong 4 néu ra cac bude khi thiét ké mot HTN noi chung, vé su lién két véi thi trudng tng
dung, vé& cac qui tic va nén tri thirc can co. Thiét ké HTN 1a mot bai tap rat tong hop voi bat ki ai
khi n6i dén thiét ké may tinh, boi khdi lwong kién thirc rat rong, tir ki thuat dién tir, khoa hoc
maéy tinh, cong nghé ban dan, tmg dung may tinh trong cong nghiép, trong gia dinh ... Thiét ké
HTN khong chi 14 thiét ké phan cimg ma con sang tao cac gidi phdp phan mém phi hop dé gidi
quyét cho logi vmg dung nhing. Do vy rat quan trong 13 can phdn hoach chi tiét va phoi hop
khéo léo khi thiét ké. Sau khi phan mém di phat trién va chay dung nhu thiét ké, cong doan tiép
theo 1a “nap” phan mém vao bo mach. Qui trinh nay doi hoi phai hiéu biét cach mot CPU khoi
dong va chién luge qui hoach st dung bd nhé cia HTN thiét ké. Cac cong cu thiét ké va phat
trién phan mém 1a khong thé thiéu duoc, trong d6 bao gdm hé phat trién, cong cu md phong
(IDE, ICE), phan mém hd trg cho bo mach (board support package - BSP). Thong thuong céac
cong cu nay c6 phan téng quat chung, nhung c6 phan cu thé cho CPU ung dung cu thé va do nha
phan phdi san pham ban kém.

Pé thuc hanh, ¢ thé chon bt ki loai HTN na< r bo mach controller trén thi truong hay
bat du tir A dén Z voi CPU roi, voi PIC hay PSoC:

4.4 CAU HOI CUOI CHUONG

1) Phat thao va giai trinh cac pha thiét" * khi thiét ke “TM, pha niao duoc cho 1a khé va quan trong
nhét, vi sao ?

2) Néu cac budc co ban khi thié«™ *Xién tric . 3t HTN ?

3) M0 hinh “4+1” 1a gi ? T+« sao n hinh niy .aj c6 ich cho thiét k¢ HTN ? Cac cu triic nao c6
trong mo hinh “4+1” ?

4) Néu ky thut “nap” phin mém ‘o bo mach HTN dang thiét ké ?

\
A 66

5) Y tuong vé
?

thir dé cho qua” va . dé gy su cb “ khi phat trién va thir nghiém HTN 1a thé nao
6) Boot code la gi ? va lam chirc nang gi ?

7) Khi HTN thiét ké da dwa vao day chuyén san xuit, cong viéc cia doi thiét k& va phat trién da
xong ?
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PHU LUC Céc vi du
Pap 4an bai tap thiét ké:
Chuong 2:
Bai 1:
5. EPROM -4 KB (Address lines required is 12 — A0 to Al11)
6. RAM-I - 8 KB (Address lines required is 13 — A0 to A12)
7. RAM-II - 8 KB (Address lines required is 13 — A0 to A12)
8. Anh xa dia chi vao cac Chip nh¢ nhu sau:
Binary Address Hex
ICs Addres
AIS Al-‘l A]J AIZ Al 1 —AIU ‘AQ AS A'T ‘Aé Ai A4— AB ~A2 Al AO 5
0 0 X X 0 0 olojofojojojojojof|o 0000
EPRO 0 0 b:d X 0 0 oJ]ojofo|fO]JO]JO]O]O 1 0001
M
4 KB . . . i i . . . :
0 0 X X 1 1 1 1 1 i 1 1 1 1 1 1 OFFF
0 1 X 0 0 ] ] 010 9 010 ] 010 ] 4000
RAM-I 0 1 X 0 0 0 0101k OO0l O|O]O 1 4001
8 KB
0 1 X 1 1 1 ) 1 1 1 1 1 1 1 1 1 SFFF
1 0 X 0 0 0 ! 00 0 010 0 010 0 8000
, 0
RAMII 1 0 X 0 0 ] 0160 ] 010 ] 010 1 8001
8 KB
1 0 X 1 _ 1 1 1 1 1 1 1 1 1 1 OFFF
- Data D 0O-7
A0 0-T Latch Loww Address
Irtel A 0-7
snms  MLE En
High Address
£18-15 T = —F i
Cortrol Control
=] 2
EPROM R.Ab-| RAM-1I
4B SHE skB
cs = s
T
S
E— =L
£15, 814 | N Z

Bai 2:

Hinh 2.77 Bai tdp thiét ké ROM
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Bai giai:

- Tim hiéu nguyén tic hoat dong ctia cong mdy in cua PC, cach st dung cong mdy in dé
doc dir liéu vao PC: dung cac chan doc thong tin giao tiép dé doc dit liéu vao, mdi lan 4
bit.

- Nguyén li lam viéc cia ADC 0809, cach ghép ndi.

- Tir d6 1én thiét ké nguyén li.

E- Switch
LPT Port 74125
ACK ?} ’—‘ InO
MUX ADC ]
BUSY] @ (74157) (0809)
PE 1 2 In7
?\1 START
SELECT @
EOC
START

7404 I'IT Qaso) Qo0
- %CL

i DECORDER = :
4bit X (LS 154) - <
‘ : _—1D | Q(ddo)
: CLK
ﬁ CLR| LS74

/]

Status EOC|

Hinh 2.79 Bai tdp thiét ké ghép noi AD véi BUS hé thong mdy tinh PC

- Phat thao luu @ phan mém diéu khién gép ndi:
2. Chon kénh do
3. khoi dong chu ki do cia ADC
4. Poc trang thai sau mdi bién d6i (STATUS do EOC phat ra)
5. DPoc va luu dir liéu.
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Bai 3:
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Vce GND

cc
‘15 ‘8 38
3 7
Vee GND Vee GND AT (e s
12 b —
% 7 B 1 Mo—y 4 .
Jzo on C3 741S 0 d—rp ? -
47 9 e ] :
[DataBUS A2] SD7_2 18 o7 27 4 PAD D4 ] DsP
15 1 —
[DataBUS A3] SD6_°_| " b6 2 3 PAf Jp—
4 16 D5 29 2 PA2
[DataBUSM]SDST . » -
[DataBUS A3] SD4—— 15 30 1 PA3 Voo ap ,
[DataBUS A6]SD3 6 | 74 S 245 | 14 D3 31 40 PA4 ‘ rrv
[DataBUS A7] $D2 7| Ut 13 D2 32 39 PAS R 3a 7
[DataBUS A8 SD1_8 | 12 D1 33 38 PAG ] 2 b—) 6|
B1 4
petabus Ag] 500" [RRIERNN 11 0o 34 37 PAT e 7
[DataBUS A9] oz TLS s 2l
ics 18 PBO 47 o —1i Seg.
3 D6 T DsP
1 DIR . 19 PB1 s f—m °
49 10
8255 A | 20 P82 —J
21 PB3 THE T Ve
22 PB4 14 dien tro R= 470 OHM, 7
i SEGMENT chung ANODE
2 ‘ 10 23 PBS
[BUS B2) RESET 2 18 RESET RESET 35 24 PB6
3 o A 25 PB7
[BUSA23] A8 —— —_— Kl o
16 A9 =
[BUS A22] A9 4 A gl MR T
5 15 IOR/ [~ 15 PC1
[BUS B14] ORI ——| Al 8 716 -
T4 LS 245 |14 10w/ = e
[BUS B13] fow/ —] p A0 9
oy |BMR [17_PC3_ B Ji 4
MR1 —1 LA — cs 6 &b
12 MW/ [] s8] Al so7
W] 8 = S lge  az
: CONTROL £ |-
9 MAEN 1312 =i
Busaty  ——| BUS —D@- | ‘ \ =y B4 Az 3
AEN 1 =13 A s
oo 618 o SN o e
vee 11 oR ! sz B8 ag —2RL
7\ o0 B% A%
N\ B1O A10 — AEM
5 — —{B11 a1
[ o, B2 Atz
v ZIOW 1By3 413
=IE 1513 ars -
—B1Z AlIS -
Ve g —B12 41E -
—B17 a7
20 10 — 818 A18
t —B1% A1S -
(BUS A24-AT 2| . Eg %z -
[BUS A25—A6 —] —B23 ap3 208
4 —| Bt sy —EAL
[BUS AZ6-A5 — | —Bes 25 —2oS-
51 A B — B2& AES
[BUS AZTI—A¢ ] —B27 s27 —2h%
[BUSA28|—-A3 — 01 7415245 =L gg Eg SEAEE]
— B3> A30
[BUS A29]—A2 —0 U3 GND B3l 43 200
[BUSA30]— 8] IS4 BLS
At o| ADDRESS
BUsAst—a 1 e
w01y PC ISA BUS
vee— 1 bR B: mat han mach in

A: mat linh kien

Bai giai :

-M6 ta nguyén li lam viéc
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-Chuong trinh diéu khién ghép ndi:

/*

**k 8255.c

K3k

** Minh hoa PIO 8255 voi mode O (tat ca out_ports on 8255 Ports):
** A, BandC.

K3k

*% 8255 is first setup with control word 0x80

** Mode set flag active - bit 7 =1

** Mode selection 0 - bits 6 5=00

** Port A output - bit4 =10

** Port C (upper) output - bit 3 =0

** Mode selection 0 - bit 2 =0

** Port B output - bit 1 =0

** Port C (lower) output - bit 0 =0

k3k

** Dir liéu ra st dung goi ham out data (port, d= 2) trong do.
** Port A-0

** PortB-1

** Port C-2

3k

*/

#include <stdio.h>

#include <dos.h>

/* Pinh nghia cac bién*/

#define DATA 0x0300 /* Cho ghép nbi lap bién DATA=base addr*/
#define STATUS DATA+I

#define CONTROL DATA+3 /*CONTROL=DATA+3*/

void reset(void);

void write_clock(int ala0);

void set_control word(void);

void out_data(int port, int data);

void main(void)

{

int port;
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int data;
/*bat dau chuong trinh*/
reset();
set_control word();
/* Bay gio da co the cho 8255 chay */
/* Thu dua ra cac so Hex tren 3 cong A,B,C */
printf("An <ENTER> DE KIEM TRA CAC GIA TRITU a den f\n");
/* for(port=0;port<3;port++)*/
/X {*/
getchar();
port=0; /*Tam thoi voi port A*/
printf("Dua ra aa\n");
out_data(port, Oxaa);
getchar();
printf("Dua ra bb\n");
out_data(port, Oxbb);
getchar();
printf("Dua ra cc\n");
out_data(port, Oxcc);
getchar();
printf("Dua ra dd\n");
out_data(port, 0xdd);
getchar();
printf("Dua ra ee\n");
out data(port, Oxee);
getchar();
printf("Dua ra ff\n");
out_data(port, 0xff);
/% 3/
/*Nhan bat ki so nao tu 00-99%*/
printf("\n Go vao bat ki so nao tu 00 den 99 va ENTER \n");
while(1)
{
scanf("%x",&data); /*nhan luon so kieu hexa de dua ra cong*/
for (port=0;port<3 ;port++)
{

out data(port, data);
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}*while*/
¥
/*Cac ham ho tro*/
void set_control word(void)
{
/*int ala0 = 0x03;*/
outportb(CONTROL, 0x80); /* out control word = 0x80 */

/*bringal a0to 1 1, WRto 1 */
/*outportb(CONTROL, */
/% (((0x00) | (ala0 << 1) | 0x01) ~ 0x0b) & 0x0f); */

/* now wink WR low and high */
/*write_clock(ala0); */

void out_data(int port, int data)
{
/*int ala0 = port;*/
outportb(DATA, data); /* put data or- da. 'eads */

/*setal anda0to 00,01 or 2 0, W tol*/
/*outportb(CONTROL,( ((Uxu .| (2120 << 1) | 0x01) ~ 0x0b) & 0x0f);*/

/* now wink WR low and high */
/* write_clock(ala0); */

void write clock(int ala0)
{
/* bring WR low */
outportb(CONTROL,
(((0x00) | (ala0<<1) & (~0x01) ) ~ 0x0b) & 0x0f);

/* bring WR back high */

outportb(CONTROL,
(( (0x00) | (ala0<<1) | (0x01)) * 0x0b) & 0x0f);
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void reset(void)

{
/* bring reset high */
outportb(CONTROL, 0x08"0x0b);

Making an LM35 temperature recorder with PIC 12F675.

http://www.best-microcontroller-projects.com/12F675-tutorial-mikroc-1-7-source.html

This page shows you how you can make an LM35 an temperature re_oraer by using the 12F675 PIC microcontroller
as the controller and data store.

It generates serial output so that you can view the results o/ a PC and it . calculates the temperature reading in
Fahrenheit sending both to the serial port at half second’ ini. als.

The project uses the code from the previous tutor = to report the.  mncerature to the PC using the serial port so the
serial RS232 data format is generated in softy are.

Jump to circuit.
Jump to Solderless breadboard.

Jump to Circuit Diagram.
Jump to Software.

LM35DZ

The LM35 is a precision temperature sensor. It is guaranteed accurate to +74°C at 25°C (At different temperatures
it is less accurate! but it is never more than 2°C inaccurate and it probably is not this inaccurate anyway it's just the
manufacturers maximum limits that may apply).

Typically is stays accurate to within £%4°C over its temperature range so this is a good general purpose sensor and
it's easy to use.

It generates a linear output voltage using a centigrade scale - generating 10mV of output voltage for every degree
centigrade change and there are several versions for operation over different temperature ranges:

LM35 -55°C to 150°C

LM35C -40°C to 110°C
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LM35D 0°C to 100°C

Note: The project code calculates the temperature in Fahrenheit and generates both Centigrade and Fahrenheit
outputs to the serial port.

Temperature recorder : LM35 pinout

Temperature recorder : pinout for the LM35DZ (from the top).

LM35
TOS2

1 +V's
2 Vout
3 GMND

Temperature recorder Circuit

The LM35 is connected to analogue input ANO which is also 1. e data 1. =t line for programming the 12F675 using
ICSP so you need a way of connecting the sensor and th<"  ~gramming in, 2¢'the same time with the
programming input overriding the sensor output (and< ot dai. ~ing the sensor!).

This is done here by using 1k resistor that redirCes . current flowi _ back into the sensor and at the same time is
not too large (so that the ADC can easily cony>rt the s or output value - the impedance must be equal to or
smaller than 10k Ohm from the sensor)

The voltage reference for the circuit is en./;om pin 6 using a resistor divider giving a 2.5V reference. This is
simply done to increase the resolution of 1. ADC as for the LM35 only 0-1V is generated so you loose ADC range
when using a 5V reference. You could use a. cr reference value but this value gives reasonable results.

Alternatively you could use an amplifier to scale the LM35 output up which would make the ADC less sensitive to
noise but for this project it is simpler not to do so.

Note: The large decoupling capacitor on the supply input of the 12F675. This reduces noise overall and gives a
more consistent reading. However using a plug block and ADC is not a very good idea as there is no ground plane
and no control over current paths which you would be able control in a pcb.

In a commercial system the internal ADC is often not used at all as it is essential to separate the noise introduced to
the ADC using separate grounds and shielding - some designs encase the ADC in a custom metal shield and along

with a ground plane connecting to the shield gives the best possible result.

To overcome noise problems on the ADC the software averages the input readings so you get a better result.

Solderless breadboard
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Add the components (at top right to) the temperature recorder - wires and R3,R4,R5 and the LM35 temperature
sensor (U4) and the decoupling capacitor C4.

vep To PIC
sio | JCSP
Programmer

Learn about the tool used for creating this diagram.

LM35 Temperature Recorder Circuit diagram
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Learn about the tool used for creating this diagram.

Temperature recorder measurement accuracy

The analogue reference for the ADC is taken from the power supply via a resistive divider to the
12F675 input pin 6 and for the 7805 its accuracy is specified as +5% so the accuracy of the ADC
is only 5% due to the reference -the divider also introduces a 1% error giving a 6% error overall.

Note: Since the 7805 is only accurate to +5% the accuracy of the temperature reading will be
accurate to +5% (plus errors in the ADC and temperature sensor itself and any noise introduced
the the analogue input and the reference). However the reference source gives you the biggest
error - the overriding accuracy - if you used a more accurate voltage supply then the ADC
accuracy would become more important as well as the temperature sensor accuracy etc.

Temperature recorder Software

Buy all the 12F675 Tutorial source code

...with the MikroC project files
and compiled hex files

Click here for more information.

The software uses the Soft USART (t:  smit only) described in the previous tutorial and uses the
built in MikroC routines to get the data from analogue input pin ANO.

// Temperature recorder analogue input

val = ADC_Read(0);
// more code adds up 10 readings of ADC
val = ((vallMAX AVG)*122)/50;

val = ((val*18)/10)+320;

Software operation
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The most interesting parts of the software are shown above. The variable val is an unsigned int
so the maximum value it can store is 65535

The reference in use is 2.5V so for the 10bit ADC each ADC bit is worth
2.5/1023 = 2.44mV

If you work out values generated for a maximum temperature of 100°C using the scale factor
2.44mV (or 244/100)

100 * 10mV = 1.0V
1.0V/2.44mV =410

410 * 244 = 100,040 which will not fit into an unsigned int.

So this scale factor does not work for all input value

By using a little maths it can be made to fit -yeu  »ed to reduc ‘'ie top number to fit. e.g.
410 * 122 = 50,020 which does fit.

Dividing by 50 gets back to the c2iic scale fac  ~of 244.

So the scale 122/50 works for a. ‘v at values.

This is an example of avoiding the use of floating point variables which take up too much
resources. You can still make the system work but you have to be careful when using fixed
types and you have to check all input values and outputs to make sure they fit.

Averaging

Averaging would be better done in the PC as it has more resources - the same goes for
calculating and displaying the temperature in Fahrenheit but this gives a demonstration of what
you can do.

Note: The RAM is used up since a bug in MikroC 5.0.0.3 puts strings int RAM - in future
versions this will be corrected.

Typical output from the temperature recorder
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96 RAW 234C 741F

The left most value is the RAW ADC value, the next is the temperature sensor output in degrees
centigrade and the next is the temperature sensor output in degrees Fahrenheit.

Note: You have to put in the decimal point so the above readings are:

234 C 23.4°C

741 F 74.1°F

Bai doc thém:

E380: Design of Embedded Systems
Exercises

Krzysztof Kucicinski
Department of'C puter Scie..
Lund Ins’vute o1 chnology

The questions and exercise included in th’, ma  al represen: .ypical questions which can be asked to the
contents of the lectures given through the course . wign of Embedded Systems (E380). The structure of
chapters follows directly the structie ot 2 lectures.

Most of the questions are typical for . “course and can be asked during the examinations, however, it is
not the intention to supply the examinat: anrestions. The purpose is to give the guidance for students for
preparation to examinations.

Introduction

1. Give a short definition of embedded systems and discuss main features of such systems. Illustrate
your discussion with examples of embedded systems.

2. Discuss differences and similarities between embedded systems and general purpose
workstations, desktop computers and portable computers.

3. What are basic characteristics of embedded systems? Discuss both inherent features of such
systems as well as specific design process challenges.

4. Discuss and give a motivation why implementation of embedded systems using a single processor
running a software implementation is not usually possible. What are advantages and
disadvantages of such a solution?

5. Explain the term "'design space exploration". What does it mean for embedded system design?
What are typical design parameters which are included in a design space.

284



XAy dung cac Hé thong nhiing

6. Design process is often controlled by the time-to-market requirement. Explain this requirement
and possible consequences on the design methodology.
Design Methodology
1. Input to a system design is usually defined as system specifications and a set of functional and
non-functional requirements. Discuss system specification methods as well as different types of
requirements.
2. What are basic features of good requirements? Discuss them briefly.
3. Discuss how design requirements can be created.
4. What is design flow? Give an example of design flow paradigm used for embedded system
design.
5. Discuss different design flow approaches. Compare them and point out similarities and
differences between them.
6. Explain the ideas behind the following design flow models:
o waterfall model,
o spiral model,
o stepwise refinement model,
o top-down model,
o bottom-up model.
7. Hardware/Software co-design methodology comes popu. for embedded systems. Discuss
basic ideas behind this methodology an »omp. it to a traditional design methodologies.
8. What are basic design steps in hardv re/software ¢ design? Why this methodology can improve
design process and design qualits
9. Discuss a typical design methe<~logy for « hedded systems. Where different design activities,
such as design specificatioi, desi,  partition1 g, component allocation, and communication
synthesis are performed?
10. What are main design activitic ‘n communication synthesis?
11. What are IP-components. Discus. iefly hard and soft IP-components and their role in a design
process.
12. Discuss different design verification methods and their advantages and disadvantages.
13. Design automation tools are used in many design methodologies to help designer in solving
tedious design activities. Discuss theoretical limitations of design automation tools.
14. Many design automation problems belong to the class of NP-complete or NP-hard problems.

Discuss briefly how this inherent complexity problem is solved in design automation tools. What
kind of algorithm are used?

Specification Languages

1.

Discuss briefly what languages can be used for specification and implementation of embedded
systems. What are their related advantages and disadvantages.

VHDL is a hardware description language which is often used to specity, simulate and synthesis
hardware for embedded systems. Discuss basic VHDL constructs.

Hardware is inherently parallel and this need to be modeled in specification and design
languages. How VHDL supports parallelism for hardware specification.
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.

VHDL simulator is implemented as an event-driven simulator. Describe briefly the main idea of
event-driven simulation. How time is handled in this simulation paradigm.
Discuss how different modeling styles, such as structural, behavioral, and data-flow can be mixed
in a single VHDL model.
Present briefly VHDL simulation mechanism. Point out when VHDL code is executed and when
time and signals are updated?
What is a signal driver in VHDL simulator. How is it used during simulation? How signals are
updated by the simulator?
What is delta delay in VHDL? How is it used during simulation?
Give the values assigned to signals and variables by the part of the process code included below.
P1: process

variable a, b : integer;

begin

-- initial values 0of s1 =0,s2=0,a=0,b=0
sl <=10;

a:=sl;

b:=3;

s2 <=b +sl;

-- give values of s1, s2, a, b het (1)

wait for 10 ns;

-- give values of s1, sZ, . " here (2)

end process;

VHDL is used both for hardware simulation and synthesis. Discuss briefly the language features
which create problems for synthesis. What are possible solutions to this problem.
Discuss briefly commonly accepted restrictions for VHDL used for high-level synthesis.

Data-flow computational models

1.

Discuss basic characteristics of data-flow and control-flow models. What are main application
areas for both models of computation.

A filter is represented by a data-flow graph depicted in Figure 1. Additions have their usual
meaning and multiplications are always by a constant. Using this data-flow graph determine filter
equations, i.e., a function which defines y(n).
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Figure 1: An example of data-flow graph

The theory of data-flow models is based on Khan process networks. In this theory it is proved that
a network process is monotonous if X [1 X' [ F(X) [ F(X'). What does this property means in
practice? Which computations can be implemented using data-flow models?

Describe informally what are execution rules for data-flow network built of actors. Explain a
notion of actors, tokens and firing rules.

What is a sufficient condition for a data-flow netws’ to be deterministic.

Discuss briefly subclasses of data-flow network: callec “nchronous data-flow and boolean data-
flow. Give examples of actors for these nety” rks and thet, ‘ring rules.

What is a firing rule for a data-flow network? < e examples of firing rule.

What does it mean that a set of firing< ules for an. “or of data-flow network is sequential? Give
an algorithm for checking this prepert,

Control-flow computational models

1.
2.

Explain the main idea of StiteCr. fs. How ti.  “handle concurrency and hierarchy?
Explain the main idea ¢i. 'D an . OR states in StateChart model. Why a notion of AND and OR
states is defined?
Describe a general idea of Petri . =2How they can be used to model parallel activities.
Draw simple Petri nets which mo«el sequential execution, parallel execution and non-
deterministic choice.
How firing of a transition in a Petri net is defined? What does it mean that a transition is enabled
and it may fire?
Define the following properties of Petri nets:

o reachability,

o liveness,

o boundness,

o safeness,

o conservation.
Try to relate this formal properties to practical properties of embedded system, i.e., system
properties which can be analyzed using Petri nets notions.
Explain the reachability tree for Petri nets. What kind of problems can be analyzed using this
technique? What is a reason for limitation of this method?
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8. Describe Petri nets analysis method based on matrix equations. What are limitations of this

method? Why the method has these limitations?
Partitioning

1. What is embedded system partitioning? What is decided during partitioning?

2. What is difference between structural and functional partitioning? Which one is more suitable for
system partitioning?

3. What does it mean partitioning granularity? Give examples of possible granularity.

4. How are defined objective or closeness functions for partitioning? Give examples.

5. How design constraints, such as number of pins in a package or maximal permitted are, are
handled during partitioning? Give two alternatives.

6. Describe an algorithm for hierarchical partitioning.

7. What is a basic method for transformation based (iterative) partitioning? What is a main problem
with this approach?

8. Describe briefly Kernighan-Lin algorithm for bi-partitioning.

9. What is a basic approach to neighborhood search based partitioning. Give an example.

10. Describe briefly simulated annealing partitioning appruacis.

11. What is hardware/software partitioning? What is 2z ! of this partitioning?

12. Assume that the weighted graph depicted in Fig. re 2 re;, >sents tasks and their
intercommunications. The weight of a node oresents a si.. ~f the task while the weight of an
edge represents the communication “‘co " Usi. hierarchicul clustering and appropriate
closeness function find a partitioning’ vhich minin. »s communication cost.

Figure 2: An example system represented as a graph.
Scheduling

1. Discuss static and dynamic scheduling approaches. Point out their application areas as well as
advantages and disadvantages.

2. Explain difference between time-constrained and resource-constrained scheduling methods.
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W

Explain the following scheduling approaches ASAP, ALAP and list scheduling. What is an
advantage of list scheduling?

Explain forced-directed scheduling.

Explain a role of chaining and pipelining during scheduling.

What does it mean resource sharing and conditional resource sharing during scheduling?
What is speculative execution during scheduling?

How static scheduling influences register allocation?

S

How static scheduling influences power consumption?

10. Make static scheduling of a filter depicted in Figure 1. Assume that a delay defines new
input/output pair.

11. Discuss briefly different real-time scheduling policies. Divide them into off-line and on-line.
Furthermore, discuss different priority assignment strategies.

12. Explain Rate Monotonic Scheduling (RMS). What is a limitation of this method.

13. What is priority inversion problem for Rate Monotonic Scheduling (RMS)? What are methods for
solving this problem?

14. Describe briefly priority ceiling protocol for solving rlioricy inversion problem.

15. Describe briefly Earliest Deadline First (EDF) dyru. - priority scheduling.

16. Use the RMS schedulability analysis to check i1 *ach o. e following task sets is schedulable

with RMS. If not, identify which tasks will< =s their deaa. =<

Task set 1

Task [Period Worst execution tim.

1 5 1

2 3 2

3 8 4
Task set 2

Task [Period Worst execution time

Task set 3

Task [Period Worst execution time
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1 5 1
2 7 2
3 9 4

Table 1: Three task sets

Interface Synthesis

Describe briefly basic steps in communication synthesis.

What are main objectives of channel binding, communication refinement, interface generation?
Describe briefly strobe and handshake protocols for processor communication with other devices.
Why interrupts are used for processor communication with external devices?

What is a role of an interrupt service routine?

Describe briefly functionality of a typical interrupt service'routine.

What is DMA controller and what is its role in coru. mication between different devices?
Describe briefly functionality of a DMA controi =r.

Why there is a need for bus arbitration? Wk’ are bus arbit.  ‘on methods?

. Present briefly daisy-chain arbitration =" *hod 2 bus.

. The handshaking protocol discussed< n the course = <epresented in Figure 3. Formalize this
specifications using, for example Petri ~ts and prov. that the master after sending a request will
get data. Extend the example v#¢h two sla. and ensure that the protocol is fair, i.e., non of two
slaves will wait for the porsibility o send dat, rorever. How can you include timing analysis in
the model?

A e I ol e

—_
—_ O

290


http://www.cs.lth.se/EDA380/html/Exercises.html#fig3

XAy dung cac Hé thong nhiing

handshaking

Mdaster rec =lawe

1. Master asserts rec » receive data

2. Slave puts datzon b and asserts ack
3 Master recerves data m.  deassetts reg
4 Elave ready . - nextreque

Figure 3: An ¢. mple handshaking protocol.

Low Power Design

1.

3.

What are main sources of power consumption in CMOS technology? How power consumption
can be minimized?

What is a relation between power consumption and energy consumption? Explain importance of
power and energy consumption for embedded systems?

What are basic ways of reducing power consumption?

Testability

L.

S A i

Explain the concept of production faults and their models.

Explain stuck-at fault model.

Describe briefly test generation method based on fault sensitization and fault propagation.
What are reconvergent fan-out points? Why do they create problems for test generation?
Discuss basic testability improvement methods.

What is the main goal of all testability improvement methods?

Discuss briefly main idea of SCAN path testability improvement method.

Discuss briefly main idea of BIST testability improvement method.
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9. Explain briefly testability improvement by circuit partitioning and enhancement with specific
testability improvement methods.
%%%

Ha ngi 19 thang 12 nam 2013.
Ki niém chién thing cudc tdp kich 12 ngay dém vao Ha Ngi 1972 ciia khéng lue Hoa Ki.
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