CHUONG 3. XAY DUNG CHUONG TRiNH PHAN MEM
1. CAU TRUC CHUGNG TRINH PHAN MEM.

Khoi tao

1. Nap tir bd nh¢ chuong trinh
X6a va cai dat cac thong sb cta thanh ghi

w N

. Kiém tra bo nhé chuong trinh, néu c6 16i chuyén dén chuuong trinh xtr 1y 16i
(ercode=3)

Kiém tra ALU, MAC, ADC, DAC néu c6 16i thong bao 16i (ercode=4)

Kiém tra truyén thong, néu c6 1i thong bao 13i (ercode=5)

Goi chuong trinh khéi tao phin mém

N o ok

Chuyén dén muc 8

Ham ngit

8. Xac dinh gi tri phan hoi, néu c6 16i théng bao 16i ercode=8
9. Poc gia tri dat dau vao

10.Tinh toan gia tri tac dong diéu khién

11.Puara gia trira

12.Chuyén dén muc 13

Ham thuc hién chuong trinh

13. Khoi tao Watchdog Timer

14.Xay dung cac thuat toan c6 murc do wu tién thap

15.X0a gia tri cia Watchdog, néu xuat hién tran thoi gian ciia watchdog thong
béo 16i ercode=15

16.Chuyén dén muc 14

Khoi tao phan mém

I1. Kiém tra trang thai ctia doi twong diéu khién néu co 16i thong bao 16i
ercode 11

12. Kiém tra va cai dat thong s6 ban dau bién bo nhd

13. Tro vé

Ham 161

El. Kiém tra xac dinh ma 161, c6 gang khoi phuc 161, dirng suk lam vi¢c
cua co cau chap hanh



Ham ngit do Watchdog
W 1. Chuyén dén thong bao 16i ercode W1

Trude khi xay dung chuong trinh phin mém ta quan tim dén mot sé dic diém khi
ché tao mach phan cting t6i thiéu cho vi xir Iy hoat dong gom:
a. Mach tao dao dong:
TAt ca cac loai vi xur ly déu duoc diéu khién boi 1 vai dang mach tao dao dong.
Mach tao dao dong gidng nhu nhip tim cua hé théng, c6 tinh chit quan trong
trong su 1am viéc ctia hé théng vi xir 1y.
néu mach tao dao dong bi 16i, hé thong khong thé lam viéc, néu mach tao dao
dong haot dong co tan s khong 6n dinh dan dén viéc tinh toan thoi gian cua h¢
thong bi sai.
Tinh 6n dinh cta dao dong thé hién bang théng sé6 pmm, vi du +20ppm c¢6
nghia 1a trong s6 1 triéu xung ctia dao dong s& sai léch +20 xung (néu sir dung
dao dong nay 1am xung nhip ddng hd thi twong tmg voi 1 nim s& gy ra sai léch
dong ho 1a 10 phat).

V61 by dao dong st dung thach anh thong $6 nay nam trong khoang tir =10
dén +100ppm (tic 1a sai s6 tir 5 dén 50 phut trong Indm). Véi bd dao dong
bang gdm Ceramic sai s6 khoang +5000 ppm tuwong duong 50 phut mdi tuan.

Hién tai c6 nhitng bd tao dao dong c6 bu nhiét (TCXO) ¢o thé dat d6 6n dinh
+0.1ppm tirc dat sai s6 1 phit trong 20 nam.
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Mach tao dao dong RC.

Asynchronous General WD - = Flash and
Tirmer/Courter Modules ADc CPU Core RAM EEPROCM
[ [ A A [ ' A A

clkype
clk,y AVR Clock clkepy
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System Clock ; \ N
Srescaler Resst Logic Watchdog Time:
A + + I
Source clock Watchdog clock
Clock Watchdog
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A A A LA
Timer Counter Ext Clack Crystal Low-frequency Calibrated RC
Oscillatar wiernal Lo Oscillatar Crystal Oscillator Oiscillatar

So @6 mach dao dong va bo chia tan trong Chip vi xur 1y

b. Mach Reset.
Pay la trang thai bat budc khi vi xir Iy bat dau hoat dong, né dam nhiém vai
trd khoi tao hé thong. Mot xung o gia tri logic phi hop (mirc 0 hay mirc 1)
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dua vao chan Reset s& chuyén vi xir Iy vé trang thai bat dau hoat dong (con
tro chuong trinh vé gia tri 0x00, cac gié tri thanh ghi va bd nhd bi x6a).

Qua trinh Reset can phai tién hanh trong khoang thoi gian nhét dinh va hoi
hoi mach tao dao dong phai lam vi¢c. cdc mach Reset co thé da dang, don
gian nhat 13 dung mach tao xung sir dung mach RC

Su khéc nhau thé hién & do ddc va thoi gian ton tai xung Reset.
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II.  XAY DUNG HE PIEU HANH NHUNG
1. Vong lap chinh.
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Mot chuong trinh cho hé nhung don gian nhat gdm mot vong lip vo tan (vong

quét chinh) c6 cau trac nhu sau:

Architecture of a simple Super Loop application

[Compiles and runs but does nothing useful]

#include "X.h"

R
I e mmmem e crer e ee e r e m e mm e e e e e e .

vaid main{void)
{
/! Prepare Tor task X
¥ Init(y;
while(1) // '"for ever' (Super Loop)

{
X()y: [/ Perform the task
}
b
------- END OF FILE -==--ceceecrcmmmececcce e e cen e cmmcnmnnns
L e e e e e f e e f e, fr, e fe, et e et e f, e f, e, f, et , e, f,, e, e, f,, , e, f e, , e, e, , e, e, - *Jl
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/ Function prototypes
vold X_Init{void);
void X(void);

'Task' for a demonstration Super Loop application

[Compiles and runs but does nothing useful]

voild X_Init(void)
{

/! Prepare for task X

[ User code here ...

void X (void)
{

/! Perform task X

/! User code here ...

Chuong trinh gom 3 file: file main.c, x.h va h.c
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V&1 muc tiéu thuce hién nhiém vu X (ham void x (void)), trudc do can khoi tao céc
gia tri ban dau (ham void X init(void)). Nhiém vu X s& duoc thuc hién dén khi
ngat ngudn ra khoi thiét bi.
Ta thay vong lap while (1) khong doi hoi ngudn tai nguyén phan cimg dic biét nhu
bo nhé dit liéu, bd dinh thoi. N6 chi doi hdi mot vai byte bd nhd chuong trinh, céac
vu diém chinh cta chuong trinh thuc hién theo vong quét chinh la:

- Pon gian, d& hiéu

- Khéng doi hoi bd nhd dir liéu hod ngudn tai nguyén Chip khi xay

dung chuong trinh.
Vi dy mot chuong trinh thyc hién vong quét chinh: Piéu khién nhiét do 10 nhiét

theo so do sau:

Hensor T
tihidt T—

s Baditn | Ed gia
. khidn - rhidt

Gidtidsr |_— . /




.'I* __________________________________________________________________
Main.C
Framework for a central heating system using 'Super Loop'.
[Compiles and runs but does nothing useful]

vold main{void)
{
o Indt the system
C_HEAT_Imiti);

while(1) // 'for ever' (Super Loop)

{

M Find out what temperature the user requires
/! (via the user interface)
C_HEAT_Get_Required_Temperature() .

ff Find out what the current room temperature is
I (via temperature sensor)
C_HEAT_Get_Actual_Temperature():

M Adjust the gas burner, as required
C_HEAT Control_Boiler();
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- see Cen_Heat.C for details.

/! Function prototypes

vold C_HEAT Init{void);

void C_HEAT _Get_Required_Temperature (void);
vold C_HEAT Get_Actual_temperature(void);
vold C_HEAT Control_Beiler(void);

weee END OF FILE =vccccmmmmmmmc cem cemmoecm oo cemme e cem ee e s

Framework for a central heating system using 'Super Loop'.

[Compiles and runs but does nothing usetul]

vold C_HEAT _Init{void)
{

/! User code here ...

void C_HEAT Get_Required_Temperature (void)
i

M User code here ...

vold C_HEAT _Get_Actual_temperature(void)
{

/! User code here ...



void C_HEAT Control_Boiler(void)

{

/! User code here ...

Trong do :

void C_HEAT _Init(void) : khoi tao gia tri bién ban dau

void C_HEAT_Get_Required_Temperature(void): ham xac dinh gia tr1 dat nhiét do

void C_HEAT_Get_Actual_temperature(void): ham xac dinh nhiét d¢ hién tai

void C_HEAT_Control_Boiler(void): ham diéu khién thiét bi gia nhiét.

Ta thay trong vong lip while(1) cac ham C_HEAT Get Required Temperature,
C_HEAT _Get_Actual_temperature, C_HEAT_Control_Boiler dugc thuc hién mot cach
tuan tu lién tiép nhau va viéc xac dinh chinh xéac chu ky thuc hién rat kho khan.
Trong thuc té c6 nhidu bai toan can thuc hién cac nhiém vu co tinh chét chu ky
theo thot gian dinh trudce vi du nhu:

Gia tri do nhiét do can xac dinh véi chu ky 0.5 gidy
Man hinh can 1am tuoi 40 1an trong 1 gidy

X4éc dinh gia tri ddt voi chu ky 0.5 giay

Ham tinh toan gia tri ra thuc hién 20 lan /gidy

Ban phim can doc v6i chu ky 0.2 gidy

Truyén dit liéu sang thiét bi khac 1 1an/ gidy.

D¢ thuc hién mot trong cac nhi¢m vu trén, gid st can doc ban phim véi chu ly 0.2

gidy ta thuc hién chuong trinh nhu sau:

void main(void)

{

Init_System():

while{1) // '"for ever' (Super Loop)

{

X

I Perform the task (190 ms duration)
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Delay_190ms(); // Delay for 190 ms
}
}

Trong d6 ham doc ban phim (ham X) thuc hién trong 10ms, ta can tré 190ms (ham
Delay 190ms) dé sau 200ms ham X duogc goi lai.
Phuong phép khéc 14 sir dung ngat thoi gian Timer nhu sau:

#include <p24Fxxxx.h>

#define TIMER_PERIOD 20000

#define STOP_TIMER_IN_IDLE_MODE  0x2000
#define TIMER_SOURCE_INTERNAL  0x0000
#define TIMER_ON 0x8000

#define GATED_TIME_DISABLED 0x0000
#define TIMER_16BIT_MODE 0x0000
#define TIMER_PRESCALER 1 0x0000
#define TIMER_PRESCALER_8 0x0010
#define TIMER_PRESCALER 64 0x0020
#define TIMER_PRESCALER_256 0x0030
#define TIMER_INTERRUPT_PRIORITY 0x1000

int count;
void X(void)
{

/lInsert Code here 10ms

}
void TickInit( void ) //1uS

{
TMR4 =0;
PR4 = TIMER_PERIOD;// 20000
T4CON = TIMER_ON | STOP_TIMER_IN_IDLE_MODE | TIMER_SOURCE_INTERNAL |
GATED_TIME_DISABLED | TIMER_16BIT MODE | TIMER PRESCALER;
/ITIMER_PRESCALERS

IFS1bits. T4IF = 0; /IClear flag
IEC1bits. T4IE = 0; //[Enable interrupt
T4CONDits.TON = 0; /[Run timer



[/l Timer 2 10ms

TMR2 =0;

PR2 = 10000;

T2CON = TIMER_ON | STOP_TIMER_IN_IDLE_MODE | TIMER_SOURCE_INTERNAL |
GATED_TIME_DISABLED | TIMER_16BIT_MODE | TIMER_PRESCALER,;

/ITIMER_PRESCALERS

IFSObits. T2IF = 0; /[Clear flag
IECODbits. T2IE = 1; //[Enable interrupt
T2CONbits.TON = 1; /[Run timer

}
void __attribute__((interrupt, shadow, auto_psv)) _T2Interrupt(void) //10ms

{

/I Clear flag

IFSObits.T2IF = 0;

T2CONDits.TON = 0;
if(count++==20) //200ms

{
X0;
count=0;
}
}
int main(void)
{
TicklInit ();
while(1)
{
}
}

Viéc thuc hién ham ngét Timer cho phép ham X thuc hién chinh xac sau 200ms
Thoi gian 13p lai viéc thuc hién ham X() dugc tinh nhu sau:
T=Tb+Ti+Te
Tp: thot gian thyc hién 1€nh goi ham ngét
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Tj: thot gian bd dém Timer bj tran

Te: thoi gian thuc hién Iénh trd vé chuong trinh chinh.

Diéu kién dé ham X() dugc thuc hién chinh xac 1a T>T,. Trong d6 Ty 1a thoi
gian thyc hién ham X().

Dé hé théng gianh khoang thoi gian thuc hién céac su kién khac 1a T>>T
Trong truong hop can thuc hién nhiéu ham su Kién véi chu ky khac nhau phai
thém bién dém phu cho tung su kién nhu sau:

#include <p24Fxxxx.h>
#define TIMER_PERIOD 20000
int count_donhiet,count_set,count_kb,count_pid;
void X(void)
{
// Doan ma xac dinh gia tri do
}
void X1(void)
{
// Doan ma xac dinh gia tri dat
}
void X2(void)
{
// Doan ma doc ban phim
}
void X3(void)
{
// Doan ma tinh gia tri PID

}
void TickInit( void ) //1uS

{
TMR4 = 0;
PR4 = TIMER_PERIOD:;// 20000
TACON = TIMER_ON | STOP_TIMER_IN_IDLE_MODE | TIMER_SOURCE_INTERNAL |
GATED_TIME_DISABLED | TIMER_16BIT_MODE | TIMER_PRESCALER,;
/ITIMER_PRESCALERS

IFS1bits. T4IF = 0; /IClear flag
IEC1bits. T4IE = 0; //[Enable interrupt



T4CONDIts.TON = 0; //IRun timer

[/l Timer 2 10ms

TMR2 = 0;

PR2 = 10000;

T2CON = TIMER_ON | STOP_TIMER_IN_IDLE_MODE | TIMER_SOURCE_INTERNAL |
GATED_TIME_DISABLED | TIMER_16BIT_ MODE | TIMER PRESCALER;

/ITIMER_PRESCALERS

IFSObits. T2IF = 0; /[Clear flag
IECODbits. T2IE = 1; //[Enable interrupt
T2CONbits.TON = 1; /[Run timer

}

void __attribute__((interrupt, shadow, auto_psv)) _T2Interrupt(void) //10ms

{

Il Clear flag
IFSObits. T2IF = 0;
T2CONDits.TON = 0;
if(count_donhiet++==50) //500ms
{
count_donhiet=0;
X();  //Do nhiet
X1(); /I Xac dinh gia tri dat

?f(count_kb++::20) //200ms
{
count_kb=0;
X2(); //Doc pham phim
}
if(count_pid++==5) //50ms
{
count_pid=0;
X3(); /[Tinh ham PID
}



int main(void)

{
TicklInit ();
while(1)
{
}
}

I11. Xay dung chwong trinh &rng dung.

3.1. Piéu khién dén giao thong.

Pbi voi 1 su kién trong nhiéu truong hop khu hoat dong c¢6 nhiéu trang thai khéac
nhau. Vi dy nhu thyc hién diéu khién dén tin hiéu giao théng theo 1 huéng trang
thai dén 1an lugt 1a:

Pén do sang 50s
Dén vang sang 3s
Dén xanh sang 25s

Nhu vay luc dau c6 thé hé thong & trang thai A thuc hién ham Function A() sau 50
gidy chuyén sang trang thai B thuc hién ham Function B() trong 3 gidy sau d6
chuyén sang trang thai C thuc hién ham Function C() trong 25 gidy va chuyén lai
trang thai A.

Cac trang thai cua cac su kién duogc chia thanh cac dang sau:

- Phy thudc vao thoi gian: Viéc chuyén trang thai chi phu thudc vao
thoi gian.

- Phy thudc vao dau vao va thoi gian: Pay 1a dang phd bién nhat ctia hé
thong nhing, viéc chuyén trang thai phu thudc vao ca hai yéu t6 l1a
thot gian va trang thai dau vao cua hé théng. Vi du nhu hé théng chi
chuyén tir trang thai A sang B khi nhan duoc 1 gia tri dau vao trong
khoang x gidy thi ddu ra moi tac dong.

- Phy thudc vao dau vao: Pay 1a dang twong d6i thuong gip, viéc
chuyén trang thai phu thudc vao trang thai dau vao cua hé théng. Néu
dau vao khong thay doi thi hé thong van & trang théi cil.

Vi su kién ma trang thai chi phu thudc vao thoi gian ta xay dung chuong trinh véi
cau tric sau:
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- Hé¢ théng s€ lam viéc 16n hon 2 trang thai

- MOi trang thai s& thuc hién 1 hoic nhiéu ham

- Viéc chuyén trang thai s€ dugc diéu khién boi sy kiém soat thoi gian.
- Viéc chuyén trang théi c6 thé bao gdm viéc goi ham.

#include <p24Fxxxx.h>
#define RED_DURATION 50

#define GREEN_DURATION 25
#define AMBER_DURATION 5

#define TIMER_PERIOD 20000

#define ON 1

#define OFF 0
#define Red_Light LATDbits.LATD6
#define Red_Light _TRIS TRISDbits. TRISD6
#define Green_Light LATDbits.LATD5
#define Green_Light _TRIS TRISDbits. TRISD5
#define Amber_Light LATDbits.LATD4

#define Amber_Light _TRIS TRISDbits. TRISD4
typedef enum{RED,GREEN,AMBER} eLight_State;

eLight_State Light_State G;
int Timer_In_State,count;
char Call_count_G=0;
void TRAFFIC_LIGHT_Updata(void);
void TicklInit( void ) //1uS
{
TMR4 = 0;
PR4 = TIMER_PERIOD;// 20000
T4ACON = TIMER_ON | STOP_TIMER_IN_IDLE_MODE | TIMER_SOURCE_INTERNAL |
GATED_TIME_DISABLED | TIMER_16BIT_ MODE | TIMER_PRESCALER;
/ITIMER_PRESCALERS8

IFS1bits. T4IF = 0; //Clear flag



IEC1bits. T4IE = 0; //[Enable interrupt
T4CONbits.TON = 0; /IRun timer

[/l Timer 2 10ms

TMR2 = 0;

PR2 = 10000;

T2CON = TIMER_ON | STOP_TIMER_IN_IDLE_MODE | TIMER_SOURCE_INTERNAL |
GATED_TIME_DISABLED | TIMER_16BIT_ MODE | TIMER PRESCALER;

/ITIMER_PRESCALERS

IFSObits.T2IF = 0; /IClear flag
IECODbits. T2IE = 1; //[Enable interrupt
T2CONDits.TON = 1; //[Run timer

}

void __attribute__((interrupt, shadow, auto_psv)) _T2Interrupt(void) //10ms
{

Il Clear flag
IFSObits. T2IF = 0;
T2CONDits.TON = 0;

count++;
if(count==100) //1s
{
count=0;
TRAFFIC_LIGHT_Updata();
}
}
void TRAFFIC_Lights_Init(const eLight_State START_STATE)
{
Light_State G=START_STATE;
}
void TRAFFIC_LIGHT_Updata(void)
{
switch(Light_State_G)
{



case RED:
Red_Light=ON;
Amber_Light=0FF;
Green_Light=0OFF;
if(++Timer_In_State==RED_DURATION)
{
Light_State_ G=AMBER;
Timer_In_State=0;
}
break;
case AMBER:
Red_Light=0OFF;
Amber_Light=0N;
Green_Light=0OFF;
if(++Timer_In_State==AMBER_DURATION)
{
Light_State G=GREEN;
Timer_In_State=0;
}
break;
case GREEN:
Red_Light=0OFF,;
Amber_Light=0FF;
Green_Light=0N;
if(++Timer_In_State==—GREEN_DURATION)
{
Light_State_ G=RED;
Timer_In_State=0;
}
} /Iswith
} //Update

int main(void)
{
Red_Light _TRIS=0;
Green_Light _TRIS=0;
Amber _Light _TRIS=0;
TRAFFIC_Lights_Init(RED);
TicklInit ();



while(1)
{

2. Piéu khién may giit.

Valve
- Water Supply
- Drain
@ - Softanar Supply

I00-450W
(D)

ACIM
Buzzer 3-Phase M | BLDC
Irverter PMSM

Wi-Fi ®
ZibBee™
MNFC

Water Level Optical
[ Turbidity) Volume Sansar
Temperature
Cover Switch

- Circuit Protection for UL Compliance
Mator,Pump,.etc
LEGEND  m Logie

Supply
Unit
= Precessor [0 Power
- - et D interface EADC/DAC
= RFAF 1 Clocks

B Amplifier @ Other

Vi su kién ma trang thai phu thudc vao thoi gian va trang thai dau vao thi can

thém diéu kién cua trang thai dau vao.
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Van BK nuéc
Start Switch

Pun nudc
Chon ché do Bom nudc

[ heai
khién may
giat ———» Dong co quay

Sensor do mirc

Khoa ctra
Sensor do nhiét

Hop dung xa

phong

Vi du hé diéu khién may giat

Céac thao tac sir dung nhu sau:
- Ngudi st dung Iva chon ché do giat:
+ Ché d6 1: gidt c6 xa phong, dun nudc, thot gian gidt T=60 phut, tdc do
Cao.
+ Ché d6 2: gidt c6 xa phong, dun nudc, thoi gian gidat T=50 phut, tbc do
thap.
+ Ché d6 3: giat khong co6 xa phong, khong dun nudc, thoi gian giat
T=10 phut, toc d6 thap.
- Khéi dong may giit bang cach 4n nat Start
- Chdt cira.
- Van nudc mo dé cho phép nude vao thung giit.
- Néu ché d6 co6 xa phong thi hop dung xa phong mo.
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Néu nude day thi dong van cap nudc.

- Néu giat & ché d6 nuéc am thi thiét bi dun nude lam viéc, khi dat
nhiét d¢ thi cit thiét bi dun nudc.

- Pong co giit duoc cap dién dé quay 10ng gidt, dong co quay theo chu
trinh chiéu thuan va chiéu nghich tuan tu 10 gidy, voi tde do khac
nhau. Khi du thoi gian giat dong co dimg va chuyén sang ché do xa
nuoc.

- O ché d6 xa nuéc bom hat nuée hoat dong, khi hut hét nudce dong co

bom cit, may gidt vé trang thai ban dau.

Pé xay dung phan mém cho hé diéu khién trudc tién ta dinh nghia cac cong vao ra
nhu sau:
e  Cac cong vao:
Cong tac chon ché do:
- Ché d0 1: cong 14
- Ché do 2: cong 15
- Ché d06 3: cong 16
Cong tic Start cong I0
Do mtc nudc:
- Murc thap cong I1
- Murc cao cong I2
Do nhiét: cong I3
e Caccongra:
Van nudc cp: cong QO
Piéu khién hop xa phong Q1
Diéu khién nhiét do Q2
Diéu khién khoa cua Q3
Diéu khién dong co chay dimg Q4
Piéu khién chiéu quay dong co Q5
Diéu khién tdc d6 nhanh cham Q6
Diéu khién bom xa nudc Q7

Chuong trinh diéu khién nhu sau:



#include <p24Fxxxx.h>
#define TIMER_PERIOD 20000
#define TRUE 1

#define FALSE O

#define Start
#define Start_TRIS

#define Muc_thap
#define Muc_thap_TRIS
#define Muc_cao

LATDbits.LATD6
TRISDDbits. TRISD6

LATDbits.LATD5

TRISDbits. TRISD5
LATDbits.LATD4

#define Muc_cao TRIS TRISDbits. TRISD4

#define Donhiet
#define Donhiet _TRIS

#define Chedol
#define Chedol TRIS
#define Chedo?2

LATDbits.LATD3
TRISDDbits. TRISD3

LATDbits.LATD2

TRISDDbits. TRISD2
LATDbits.LATD1

#define Chedo2 TRIS TRISDbits.TRISD1

#define Chedo3

#define Chedo3_TRIS
#define Cap_nuoc
#define Cap_nuoc _TRIS

#define Xa_phong

LATDbits.LATDO

TRISDDbits. TRISDO

LATCDbits.LATC7
TRISCDhits. TRISC7

LATCbits.LATC6

#define Xa_phong_TRIS  TRISChbits. TRISC6

#define Nhiet_do

LATCbits.LATC5

#define Nhiet_do TRIS TRISChits.TRISC4

#define Khoa
#define Khoa_TRIS
#define DC_Chay
#define DC_Chay _TRIS
#define DC_chieu
#define DC_chieu _TRIS
#define DC_tocdo
#define DC_tocdo TRIS
#define Xa_nuoc

LATCbits.LATC3
TRISCDits. TRISC3
LATCDbits.LATC2
TRISCDhits. TRISC2
LATCDbits.LATC1
TRISChits. TRISC1
LATCbits.LATCO
TRISCDhits. TRISCO
LATADbits.LATA7
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#define Xa_nuoc _TRIS TRISADbIts. TRISA7

bit Co_xaphong,Tocdo_cao,Chieu_thuan,Co_nhiet;
unsigned char Thoigian_giat;

typedef enum{IDE,CAP_NUOC,DUN_NUOC,DONGCO,XANUOC} eControl_State;

eControl_State Mode;
int count_i,count;
int count_s=0,count_m;

void Init_Port(void)

{

Start_ TRIS=1,;
Muc_thap_TRIS=1;
Muc_cao_TRIS=1;
Donhiet TRIS=1;
Chedol TRIS=1;
Chedo2_TRIS=1;
Chedo3_TRIS=1;
Xa_phong_TRIS =0;
Nhiet_do _TRIS=0;
DC_Chay _TRIS=0;
DC_chieu _TRIS =0;
DC tocdo TRIS=0;
Xa_nuoc _TRIS=0;

}

void TickInit( void ) //1uS
{
TMR4 = 0;
PR4 = TIMER_PERIOD;// 20000
T4CON = TIMER_ON | STOP_TIMER_IN_IDLE_MODE | TIMER_SOURCE_INTERNAL |
GATED _TIME_DISABLED | TIMER_16BIT_MODE | TIMER_PRESCALER;
/ITIMER_PRESCALERS8

IFS1bits. T4IF = 0; //Clear flag
IEC1bits. T4IE = 0; //[Enable interrupt
T4CONDits.TON = 0; //[Run timer



[/l Timer 2 10ms

TMR2 = 0;

PR2 = 10000;

T2CON = TIMER_ON | STOP_TIMER_IN_IDLE_MODE | TIMER_SOURCE_INTERNAL |
GATED_TIME_DISABLED | TIMER_16BIT_MODE | TIMER_PRESCALER,;

/ITIMER_PRESCALERS

IFSObits. T2IF = 0; /[Clear flag
IECODbits. T2IE = 1; //[Enable interrupt
T2CONbits.TON = 1; /[Run timer

}

void __attribute__((interrupt, shadow, auto_psv)) _T2Interrupt(void) //10ms
{

/I Clear flag
IFSObits.T2IF = 0;
T2CONDits.TON = 0;
count++;
if(count==100) //1s
{
count=0;
count_s++;
}
count_i++;
if(count_i==6000) //60s
{
count_i=0;
count._m++;

}

void Maygiat_Init(const eControl_State START_STATE)

{
Mode=START_STATE;

}



void Kiemtra_Chedo(void)
{
if(Chedol)
{
Co_xaphong=TRUE;
Co_nhiet=TRUE;
Tocdo_cao=TRUE;
Thoigian_giat=60;
}
if(Chedo2)
{
Co_xaphong=TRUE;
Co_nhiet=TRUE;
Tocdo_cao=FALSE;
Thoigian_giat=50;
}
if(Chedo3)
{
Co_xaphong=FALSE;
Co_nhiet=FALSE;
Tocdo_cao=FALSE;
Thoigian_giat=10;

void MAYGIAT_Updata(void)

{
switch(Mode)

{

case IDE:
Cap_nuoc=0;
Xa_phong=0;
Nhiet_do=0;
Khoa =0;
DC_Chay=0;

DC_chieu=0;

DC _tocdo=0;

Xa_nuoc=0;

Kiemtra_Chedo();
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if(Start) //Dieu khien chuyen che do
Mode=CAP_NUOC,;

break;
case CAP_NUOC:
Cap_nuoc=1,
Khoa=1;
if(Co_xaphong)
Xa_phomh=1;
if(Muc_cao)
{
Cap_nuoc=0;
Mode=DUN_NUOC;
}
break;
case DUN_NUOC:
Nhiet_do=1;
if(Donhiet)
{
Nhiet_do=0;
Mode=DONGCO;
count_s=0;
count_m=0;
}
break;
case DONGCO:
DC_Chay=1;
if(Donhiet)
Nhiet_do=0;
else
Nhiet_do=1;

if(Chieu_thuan)
DC_chieu=0;
else
DC_chieu=1,;
if(Tocdo_cao)
DC _tocdo=1;
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}

else

DC_tocdo=0;
if(count_s==10)
{

count_s=0;

Chieu_thuan=~Chieu_thuan;

}

if(count_m== Thoigian_giat)
{
count_m=0;
DC_Chay=0;
DC_chieu=0;
DC_tocdo=0;
Mode=XANUOC,;
}
break;
case XANUOC:
Xa_nuoc=1,
if(Muc_thap)
{
Xa_nuoc=0;
Mode=IDE;
}
break;
} /Iswith
/[Update

int main(void)

{

Init_Port();
Maygiat_Init(IDE);
Ticklnit ();
while(1)
{
MAYGIAT_Updata();

}
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3. Truyén thong UART.
#include <p24Fxxxx.h>

_CONFIG2(IESO_OFF & FNOSC_PRI & FCKSM_CSDCMD & OSCIOFNC_OFF &
POSCMOD_HS)
/I _CONFIG1(JTAGEN_OFF & GCP_OFF & GWRP_OFF & COE_OFF & ICS _PGx2 &
FWDTEN_OFF)

_CONFIG1(JTAGEN_OFF & GCP_ON & GWRP_OFF & COE_OFF & ICS PGx2 &
FWDTEN_OFF)

void Init_Port(void)

{
__builtin_write_ OSCCONL(OSCCON & 0xBF);
/I Configure Input Functions (Table 9-1))
/I Assign U2RX To Pin RP8

/I RPINR18bits.U1RXR = 8;
RPINR19bits.U2RXR = 8; //PC
I/ Assign U2TX To Pin RP9

/I RPOR4bits.RPIR = 3;
RPOR4bits.RPIR = 5;

//Assign ULRX To Pin RP17

/I RPINR19bits.U2RXR = 17; //SIM
RPINR18bits.U1IRXR = 17; //SIM

I/l Assign U1TX To Pin RP10

/I RPORB5bits.RP10R = 5;
RPOR5bits.RP10R = 3;

// Assign INT1 To Pin RP28
RPINRObits.INT1R=28; //IQR

//Assign SPI
RPINR20bits.SDI1R=27; /IMISO->RP27

RPOR9bits.RP19R = 7; //IMOSI->RP19
RPOR10bits.RP21R = 8; //CLK->RP21

Il Lock Registers

__builtin_write_ OSCCONL(OSCCON | 0x40);



AD1PCFGL=0xffff; //All Analog port are Disable
AD1PCFGH=0xffff;

}

void UARTInit(void)
{

IFSObits.U1RXIF=0;
IECObits.U1RXIE=1;//Enable Interrupt ULUART
IEC1bits.U2RXIE=1;//Enable Interrupt U2UART

U1MODEDbits.UARTEN=1,;
U1STADits.UTXEN=1,;
U2MODEDbits.UARTEN=1,

U2STADits. UTXEN=1,

U1MODEDbits.BRGH=1;

U1BRG=16; //BaudRate=115200 SIM 968
U2MODEDbits.BRGH=1; //BaudRate=115200
U2BRG=16; //PC

INTCONZ2bits.INT1EP=O0; //Interrupt on rising edge

void __ attribute__ ((interrupt, shadow, auto_psv)) _U2RXInterrupt(void) //PC

{
Il Clear flag

char ch;

ch=U2RXREG &0x00ff;
IFS1bits.U2RXIF=0 ;

if(U2STAbits.OERR)
{
U2STAbits.OERR=0;
return;
}
if(ch=="R")



Mode_PC1=TRUE;

if(Mode_PC1)
{
while(U1STAbits.UTXBF); /* wait if the buffer is full */
U1TXREG = ch;
}
if(ch=="#") //Da nhan xong
Mode PC1=FALSE;
}

BOOL WriteUART1(char *buffer, unsigned int Len) //SIM
{
unsigned int k;
for(k=0;k<Len;k++)
{
/[ Timer_Out_UART=0;
while(U1STADbits.UTXBF)/* wait if the buffer is full */
{
/[ if (Timer_Out_UART>5)
/I return TRUE;

}
U1TXREG = *buffer++; /* transfer data byte to TX reg */

}
return FALSE;

}

void Send_State Ok(void)

{
WriteUART1("STATE,OK",8);

}

int main (void)
{
Init_Port();
UARTInit();
send_cstring("'Test String");
while(1)  //Main loop

{



WriteUART1("STATE,OK" 8);
}

IV. CAI THIEN PQ TIN CAY CUA HE THONG NHO WATCHDOG
TIMER.
Watch Dog Timer duoc sir dung thong thuong c6 2 dac tinh sau:

- Timer can phai duoc thudng xuyén cap nhét (xoa gia tri dém) twong tng véi
mot khoang thoi gian dat trudce.

- Khi khéi dong vi xtr 1y vira kiém tra nguyén nhan Reset. Ttrc 13 phai kiém
soat dugc su kho1 dong binh thuong hay do nguyén nhan Watch Dog Timer
bi tran. Piéu ndy can thiét dé kiém soat duoc 16i do phan cimg hoic 1ap
trinh. Chi mot vai chip xu 1y cho phép xac dinh hé thong khéi dong binh
thuong hay cho Watch Dog.

Tinh 6n dinh va an toan:
Trude khi sir dung 1 Watch Dog, vira phai khang dinh dugc dang Timer nay s& lam
tang (hon la giam) d¢ tin cdy ctua tng dung.

- Trudc tién xét dén kha niang khoéi phuc sy ¢b hé théng. Can luu ¥ 13 sy ¢b
nay khong thuong xuyén xay ra, viéc khiac phuc su ¢d duoc thuc hién trén
nguyén 1y sau: Khi hé théng hoat dong binh thudng , twong tng voi truong
hop xay ra 13i thi hé théng s& khoi dong lai.

- Véi 1 thiét ké phan mém khong duoc kiém soat hong, 1 WatchDog ¢ thé
lam giam tinh trén cung hé thong nhu trong 1 sd truong hop s& tao ra 1 tin
hiéu Reset hé thong co tinh chu ky sau 1 khoang thoi gian nhét dinh.

- Ciing can phai luu ¥ rang WatchDog khong phu hop voi 1 vai tmg dung do
thoi gian xtr 1y 161 qua dai. Vi du, hé théng phanh trén 6t6 s& dugc khoi dong
lai néu c6 16i trong khoang 500ms, tuy nhién voi khoang thoi gian ndy xe
6t0 co thé da di duge dén 15m va co thé da xay ra tai nan. Nhu vay trong
truong hop nay phai st dung nhiing giai phap khac dé nang cao tinh tin cay
ctia hé thong.
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Pé thyc hién tinh ning WatchDog can xay dung chuong trinh theo céc budc sau:

- Xay dyng 1 ham ngit Timer.

- Xay dung 1 ham lam ma&i dir lidu.
Vi dy, ta khoi tao 1 Timer c6 thoi gian trén 1la 60ms. Trong trudong hop binh
thuong, Timer nay khong bao gio bi tran, cho ham lam méi luén duge goi trong
khoang thoi gian ndy va nhiém vu ctia né 1a khéi tao lai Timer. Néu vi 1 Iy do nao
d6, chuwong trinh bi 16i va ham lam méi khong duoc goi, khi Timer bi tran thi 1
ham ngét s& duoc goi thuc hién véc xur 1y 16i.
Phuong phép str dung c6 thé 1a WatchDog mém va clng:

- Vé6i WatchDog mém ta xay dyng 1 ham xtr 1y

- Vé6i WatchDog cimg thi hé thong s& tu khdi tao bai 1 khéi phan ctng.



.lI* __________________________________________________________________
Main.C (w1.00)
Framework for a central heating system using 'Super Loop'.
v pssumes external '1232° watchdog timer on P1AQ ***

#include "Cen_Heat.h"
#include "Dog_1232.h"

void maini{void)
{
/1 Init the system
C_HEAT Init();

/! Watchdog automatically starts

while (1)
{
/f Find out what temperature the user requires
Mo (via the user interface)
C_HEAT_Get_Required_Temperature();

M Find out what the current room temperature is
/! (via temperature sensor)
C_HEAT_Get_Actual_Temperature();

/! Adjust the gas burner, as required
C_HEAT Control_Boiler():

/! Feed the watchdog
WATCHDOG_Feed() ;



#include "Dog_1232.h"
#include "Main.h"
L Port ping ------moommmmc i m e e e e e e e e o -

f Connect 1232 (pin /ST) to the WATCHDOG pin
shit WATCHDOG_pin = P110;

WATCHDOG_Feed ()

"Feed' the external 1232-type watchdog chip.

void WATCHDOG Feed(void)

{
static bit WATCHDOG state;

/M Change the state of the watchdog pin
iT (WATCHDOG_state == 1)

{
WATCHDOG state = 0O
WATCHDOG_pin = 0
1
else
{
WATCHDOG _state = 1;
WATCHDOG pin = 1;
}
h
I e mereerrr e ere s r e mer e e, e e e, m e, ., .=
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CHUONG 4. XAY DUNG CHUONG TRINH PA NHIEM
4.1 Céau tric chuwong trinh da nhiém

Pé thyuc hién 1 bai toan trong chuong trinh xu 1y nhiéu lac can thuc hién nhiéu
nhiém vy. Cac nhiém vu dugc phan bd vao mot danh sach thuc hién (Scheduler).
Danh séach thuc hién dugc chia thanh cac dang sau:
1. CAu tric don nhiém, ciu trlc nay co dac diém sau:

- Puoc thyuc hién tai nhitng thoi diém dinh trude (co chu ky hodc khong ¢ chu
ky)

- Khi 1 nhiém vu (thé su ki€n) hoat dong, thé su kién khéac sé dua vao danh sach
doi.
- Khi CPU ¢ trang thai 16, thé sy kién ké tiép trong danh sach doi s& thuc hién
- Khi 1 thé su kién hoat dong xong s¢& trao lai quyén diéu kién cho danh sach thuc
hién.
Pé xay dung 1 danh sach thuc hién can chd ¥ nhu sau:
- Danh sach thuc hién va thé su kién phai ngfm gon chiém it cau 1énh
- Thu tuc cép phat bd nhd cho 1 thé sy kién thuc hién tai 1 thoi diém.
- Thong thuong chuong trinh dugce xay dung dua trén ngoén ngir bac cao.
- Xay dung céu tric cua danh sach thyc hién.
- Ham khoi tao
- Ham ngét dé thay doi danh sach twong tmg vé6i quing thoi gian dinh trudc.
- Ham b xung thé su kién vao danh sach.
- Ham cam thyc hién thé su kién khi n6 khong tich cuc.
- Ham x06a su kién ra khéi danh sach.
2. CAu trac da nhiém:
Chuong trinh ¢6 cau trac nhu sau:
- Cac thé sy kién trong danh sach s& hoat dong trong thoi gian nhét dinh (c6 chu ky
hodc khong co6 chu ky).
- Khi dang c¢6 1 thé su kién hoat dong thi n6 sé duoc déy vao danh sach doi
- Thé su kién s& hoat dong voi mot thoi gian cd dinh, néu chua két thuc né sé& duge
tam dung va déy nguoc trd lai danh sach doi. Thé sy ki¢n ké tiép dang do1 s€ dugc
hoat dong trong khoang thoi gian ¢6 dinh va qua trinh tiép dién.
Céac dic diém can luu y khi thyc hién cAu tric nay:



- Thyc hién ciu tric da nhiém tuong ddi phtrc tap do can thyuc hién 1 thong bao
(Semaphores) dé loai trir xung doi cac su kién déng thoi cung st dung nguén tai
nguyén chia sé.

- Can cap phat bo nh¢ dé giir trang thai ma sy kién trudc d6 dang thuc hién.

- Chuong trinh can xay dyng it nhat 1 phan bang ngdn ngit Assembler.

- Chuong trinh can duoc tao ra béi 1 img dung chuyén dung.

V& mit toc d6 dang nay c6 thé dap img dugc vai cac su kién bén ngoai nhanh

Vé tinh tin ciy va d6 6n dinh kém hon so v6i chuong trinh don nhiém.

Vi chuong trinh theo cdu triic da nhiém phai dic biét luu y cac trudong hop sau dé
dan dén xung dot:

- Poan 1énh thay d6i hodc doc gia tri cac bién, dic biét 1a cac bién tong thé dung
cho truyén thong.

- Poan 1énh giao tiép v4i phan ciing, dang nhu cc cong, b bién doi ADC...

- Poan Iénh goi 1 ham chung.

Véi 1 chuong trinh don nhiém cac van dé nay khong xay ra do chi 1 thé su kién
duoc tich cuc tai 1 thoi diém.

Pé loai trir cac trudng hop x4y ké trén véi chuong trinh da nhiém ta thyc hién 2
giai phap sau:

- Tam dung viéc 1ap danh sach béng cach cAm thuc hién ngét danh sach trudc khi
bat dau thuc hién doan 1énh tranh chép, cho phép tr¢ lai nge“it khi da ra khoéi doan
1énh tranh chap.

- Hodc str dung 1 khoa (hodc 1 dang khac cua viée truyén théng bao)

dé thuc hién chuc nang twong ty nhu trén.

Giai phap dau tién duoc thue hién nhu sau, khi bt dau truy nhap vao tai nghuyén
chia sé ta cam viéc thuc hién bang danh séach.

3. Chu trlc chuong trinh lai: 1a mot dang han ché cua chuong trinh da nhiém.

Co cac dic diém sau:

- HO tro sb lugng bat ky s6 thé su kién don nhiém

- HO tro chi 1 thé tién trinh da nhiém (né c6 thé ngat cac tién trinh don nhiém)

Can luu v1 s6 van dé sau khi thyc hién ciu trac lai:

- Danh sach thyc hién 1a dang don gidn va c6 thé thuc hién v6i doan ma ng(fm gon

- Danh sach thyuc hién can cép phét bd nhé cho 2 thé su kién tai 1 thoi diém

- Chuong trinh s& duoc tao ta bang ngdn ngit bac cao.
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- C6 thé dung doan ma phat trién dé tao ra chuong trinh.
V& tinh 6n dinh va tin cay: voi mot thiét ké can than thi nd co6 thé tin cay nhu
chuong trinh don nhiém.
4.2. Tong quan chung vé hé diéu hanh thoi gian thuec.
1. M@ ta va cach thirc thuc hién 1 chwong trinh
Trong phan nay md ta cau tric caa 1 chuong trinh, cac budc chuan bi cho 1
chuong trinh chay va chuong trinh chay thuc thé nhu thé nao
Bién dich va lién két
Trudc tién vi du mot chuong trinh don gian hién thi tir Hello World

#include <stdio.h>

const char * Text = "Hello World\n";
char Data[] = "Hello Data\n";

int Uninitialized; // Bad Practice

int main(int argc, char * argv/[])

{
}

Chuong trinh trén ngdn ngir C++ in tir Hello World sau dé xubng dong trén
man hinh. Trudc khi thuc hién can chuyén chuong trinh vé dang ma may thuc
hién trén may tinh. Qua trinh chuyén dbi nay thuc hién theo 2 budc: bién dich
(Compilation) va lién két (Linking).

Trong buéc thir nhat, bién dich dwoc thuc hién boi chuwong trinh co tén
Complier. Chuong trinh nay sé& st dung file chuong trinh nguon dang text vi du
Hello.cc bién dich sang 1 file khac vi du la Hello.o. Lénh thuc hién chuong trinh
nay nhu sau:

g++ -0 Hello.o Hello.cc
Trong d6 g++ 1a tén chuong trinh dich, Hello.o 1a file ddi tuong (object file)
cau tric bén trong gdm c6 2 phan : TEXT, DATA va BSS. Trong chuong trinh co
dong Iénh #include <stdio.h> c6 nghia la copy ndi dung file stdio.h vao doan Iénh

printf (Text) ;
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nay trudc khi bién dich (preprocessing). Néu khong dua dong 1énh ndy vao thi tai
ham printf s& bao sai ct phap do khong tim thay khai bao ham. Hinh dudi thé hién
cau tric cua file Hello.o

#include <stdio.h=

- JEXT
DATA

Hello.cc Hello.o

Hinh 1.1 Cau tric file Hello.o
Mot vai file doi tuong duwoc tap hop vao trong 1 file duy nhat duwoc goi la thu
vién. Mot thu vién quan trong 1a libc.a (tén thu vién c6 thé khac nhau véi hé dicu
hanh sir dung): trong thu vién nay chua doan ma cho ham printf trong vi du trén
ddng thoi chwa nhiéu ham chic ning khac. Hinh dioi mo ta file libc.a duwoc tap
hop tir céc file dbi tuong khéc.

too.o too.o

printf.o printf.o

bar.o bar.o

libc.a

Hinh 1.2
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Budc tht 2 cua viéc chuyén d6i chuong trinh tir file nguon thanh chuong trinh
chay 1a lién két (link). Vi du st dung dong lénh sau:
Ld —o Hello Hello.o

Quaé trinh lién két duwoc thé hién ¢ hinh duéi. Trong vi du ham printf duoc st
dung trong ham main nhung dugc khai bao trong file printf.o va tich hop vao thu
vién libc.a
Qua trinh lién két s& lién két cac file ddi twong bao gom 2 doan (Section) TEXT
va DATA thanh 1 file duy nhat ciing c6 2 thanh phan TEXT va DATA. Qua trinh
lien két ciing c6 thé lién két ca file thu vién trong truong hop chwong trinh sir dung
tgi n6. Két qua cta qua trinh lién két c6 thé dua ra cac dinh dang cac nhau nhu
HEX Intel, Motorola S ...

==

Hello.o

foo.o

[ TEXT
I DATA

printf.o

bar.o

libc.a
Hinh 1.3
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2. Nap va thuc hién chwong trinh

Sau khi chuong trinh duwoc dich va lién két, n6 co thé thue hién. Phu thude
vao moi truong thyuc hién 1a & vi xtr Iy hay may tinh PC ¢6 cach thuc hién khac
nhau nhu bang dudi

TT | Thyc hién tai may tinh PC Thuc hi¢n tai vi xur ly

1 Poan TEXT cua chuong trinh Poan TEXT nam san ¢ bd nhd
duoc nap vao by nhé chuong trinh | chuong trinh (EPROM, FLASH)
( BO nhé¢ RAM ctia may tinh) cta vi xu ly

2 | Phu thudc vao dinh dang cia qua DPia chi ctia doan TEXT duoc
trinh lién két, dia chi ctia doan tinh toan va phan bé trong qua
TEXT co thé duogc phan b lai. trinh kién két

3 | Poan DATA cua chuong trinh Doan DATA cua chuong trinh
dugc nap vao bd nhd chuong trinh nam san ¢ b nhd chuong trinh
(b6 nhé RAM cua may tinh) (EPROM, FLASH) cua vi xtr ly

4 | Phu thudc vao dinh dang ctua qua Doan DATA trong qua trinh
trinh lién két, dia chi ctia doan thyc hién dugc luu trit trong
TEXT co thé duogc phan b lai. RAM

Nhu vay viéc thuc hién chuong trinh trong hé théng nhung (vi xir 1) dé dang

hon trén may tinh.
3. Quyén wu tién ché d da nhiém

Trong phﬁn trude mo ta viée thuc hién cuia mgt chuong trinh tai mdt thot
diém. Nhung trong trudng hop can thuc hién mot vai chuong trinh cung lic (da
nhiém) thi can xem xét dén quyén uu tién cta cac chuong trinh.

Ta dinh nghia, mot tac vu (task) 1a 1 chuong trinh thuc hién va da nhiém
(multitasking) 1a mdt vai tac vu thuc hién song song.

Khai niém vé quyén uu tién da nhiém s& dugc mo ta & phan sau

4. Phan cieng thuc hién chwong trinh

Gia sur ta dung mot CPU véi b nhé chuong trinh (ROM,FLASH) va md nhé
dir lieu RAM. CPU c6 thé doc va thyc hién Iénh tir bd nhd chuong trinh va
doc,ghi vao b nh¢ dit li¢u. Cac 1é€nh nay chi 1a doan (section) TEXT & phén trén .



TEXT

ROM l

CPU

DATA
RAM

Hinh 1.4
Gia st ta ¢6 2 chuong trinh can thyc hién song song. Giai phap trong trudng
hop nay 1a ting thém 1 CPU dé thuc hién chuong trinh th hai nhu hinh duéi

JEXT]
JEXTO
RONIO ROM ll
CPUOD CPU1
JDATAL
LDATAD
RAMO RAMI1

Hinh 1.5
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Ta thiy trong trudng hop ndy doan TEXT va DATA dugc bd tri & 2 ving

khac nhau 6 ROM va RAM.

Boi vi can ting thém CPU nén chi phi s& ting 1én va khong phai 1a giai phap

t6i wu. Bang dudi phan tich uvu nhuoc diém khi ting s6 CPU

Uu diém

Nhuoc diém

Hai chuong trinh dugc bdo vé tranh su
anh hudng 14n nhau. Néu mot chuong
trinh ¢6 15i ciing khong anh huong dén
cai kia

Can st dung thém CPU, ROM va RAM

Hai chuong trinh khong thé lién hé dir

liéu v61 nhau

5. Chuyén tac vu

Str dung mot mo6 hinh khac 1a bo 1 bo nhd ROM va mot bo nhd RAM, van st
dung 2 CPU dé truy nhap vao 1 ROM va 1 RAM. B6 sung thém bo phan cho phép
CPU nao hoat dong bang cach tin hiéu cho phép vao timg CPU theo cac so d6 sau:

CLK e > OUT1
- o
*— = OUTO0
CLOCK TASK SWITCH
CLK ‘
OoUTO
OUT1
Hinh 1.6

M&i mét CPU c6 1 dau vao cho phép CPU chuyén sang trang thai chay hay
dung. Néu dau vao tich cuc. CPU & ché do hoat dong binh thuong. Néu dau vao
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khong tich cuc, CPU s¢ thyc hi¢n ndt chu ky may hién tai va ngét két ndi voi
ROM, RAM. Bing cach nay, tai 1 thoi diém chi ¢6 1 CPU dugc két ndi voi ROM
va RAM, trong khi d6 CPU kia s& ¢ trang thai nghi va khong két ni ROM, RAM.
Nhu vay ta c6 thé giam bot ROM va RAM khi str dung.

OUT1
CLEK i -
e . OUTO
CLOCK TASK SWITCH
JEXTI1
TEXTO
RONM
Yy ¥ Y V
CPU0 CPU1

Y

JDATAL

JDATAD
RAM

Hinh 1.7
Khi sir dung cung chung bd nhé chia s¢ RAM, hai vi xir 1y ¢6 thé lién lac véi
nhau. Tuy nhién cac CPU sé& khong con ¢ ché do bao vé (khong xung dot nira) do
c6 thé xung dot khi truy nhap ving nhé RAM
6. Khoi kiém soat tac vu

Trong mo hinh nay khong str dung 2 CPU dé xur 1y 2 tac vu nita ma ghép 2 tac
vu xu ly trén cung mot CPU. Giai phdp nay thuc hién khong don gian do trén mdt
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vi xtr Iy khong thé chia thanh 2 doan (section riéng biét). Trudc khi giai quyét van
dé nay, ta xem xét mé hinh sau:

TEXTI1
TEXTO

ROM

INT
—————— | R
CPL
CLOCK ¢

DATAL
DATAD
RAM

Hinh 1.8

So sanh véi so d6 trudc, ta thdy trong trudong hop nay chi c6 1 CPU va khong
c¢6 khéi chuyén tac vu, thay thé n6 1a tin hiéu xung nhip vao chan INT.

So dd trén gan giéng so d6 ban dau hinh 1.4 chi bd sung thém tin hiéu xung
nhip va chan ngét INT cta vi xtr 1y. So dd nay cho phép thuc hién song song 2 tic
VUL

Véi so dd sir dung 2 CPU va mach chuyén tac vu, ta thdy 2 CPU khi lam viéc
s€ cO nhiing trang thai khac nhau. Céac trang thai nay dugc luu trit bén trong cac
thanh ghi ctia CPU va kiém soat bai chuwong trinh thuc hién cua timg CPU. Dé
giam bot 1 CPU ta can thay thé mach chuyén tac vu cing bang thuat todn phan
mém. Khi viéc chuyén tac vu hoat dong, trang thai ciia 1 CPU s€ duogc cat gilt va
trang thai ctia CPU thtr hai s€ dugc khoi phuc hoat dong. Nhu vay no s€ thyc hién
theo thuat toan sau:

- Ghi va luu trir thanh ghi bén trong cia CPUO

- Phuc hoi thanh ghi bén trong caa CPU1



Tuy nhién thuét toan nay khong ap dung dugc cho mé hinh & hinh 1.8 do ta chi
c6 1 CPU. Pé thay thé mo hinh c6 2 CPU ¢ day ta st dung 1 ciu tric dit lidu goi 1a
TCB —Khdi kiém soat tic vu dé mo ta cac CPU trong hé théng. Trong khéi TCB ¢
vung khong gian dé luu giit ndi dung cac thanh ghi ctia CPU, vi du tu RO dén Rn.
Ngoai ra mbi mot TCB ¢o con tré chi dén khéi TCB mo ta CPU tiép theo. Noi
dung ciia khdi TCB duoc trinh bay & hinh dudi:

NextTask NexiTask

Két qua 14 thuc hién chuyén tac vu thong qua ham dich vu ngat (ISR) nhu sau:
- Xba ngat (néu can)

Luu trir thanh ghi bén trong CPU vao khéi TCB ma Tac vu hién tai
(CurrentTask) dang chi téi.

Thay thé Tac vu hién tai (CurrentTask) bang con tré Tac vu ké tiép
(NextTask). Tac vu ké tiép nay nam trong khdi TCB ma tac vu hién tai
dang chi dén.

Phuc hdi céc thanh ghi bén trong CPU tir khéi TCB ma Tac vu hién tai
(CurrentTask) dang chi dén.

Tro vé tir ngat.

Luu ¥ rang dich vu ngit (ISR) khong tu thay d6i trang thai cia CPU khi
huyén tac vu. Nhung dich vu ngat nay phuc vu cho ché d6 da nhiém co uu tién
(preemplive multitasking). Bang cach dua vao khdi TCB duoc dinh hudng boi con
tré Tac vu ké tiép (NextTask), mo hinh méi c6 thé cho hoat dong vai sd luong Tac
vu bat ky.

C6 mdt diém quan trong voi md hinh nay 1a: Mdi khi mot tac vu duoc xem
nhu 13 Tac vu hién tai, n6 s& luén tim dén khdi TCB tuong tng véi nd. Néu Téac vu
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hién tai (CurrentTask) khong chi dén mot Task bat ky nao d6 thi tic vu d6 khong
tich cuc tai thoi gian nay.
7. Xoa lap lich (De-Scheduling)

Nhu vi duy trén ta c6 2 tac vu hoat dong s& chiém dung thoi gian hoat dong
ciia CPU Ia bang nhau. Néu trong mdi tac vu déu tan dung ti da niang luc caa CPU
thi khdng can thiét phai thay d6i phan b thoi gian hoat dong cia CPU. Vi hé
théng nhiing thudng xay ra trudong hop trong khi hoat dong tac vu can doi mot su
Kién nao d6 moi thuc hién tac dong nao d6. Vi dy, tAc vu kiém tra trang thai cua
phim bam chirc ning, khi phat hién ra su 4n phim thi s& thuc hién ham tinh toan
nao do (ham lic).

task 0 main()

{
for (;;)
if (button 0 pressed()) lic 0();
}
task 1 main()
{
for (;;)
if (button 1 pressed()) lic 1();
}

Viéc chuyén tac vu duoc diéu kién béi xung nhip thoi gian, mdi tac vu chiém
50% thoi gian cua CPU, khéng phu thudc vao phim c6 duoc an hay khong.

Nhu vay thoi gian cua CPU s& bj 1ang phi vai tc vu khi doi phim bam va khong
lam gi ca, tinh hudng nay duoc goi l1a ché do doi (busy wait).

Pé t6i wu hoa hiéu qua cua thoi gian CPU, ta s& bo sung mot ham DeSchedule()
cd nhiém vu thoat khoi tdc vu giai phong thoi gian lam viéc caa CPU khi phim
khong an:



task 0 main()

{
for (;:)
if (button 0 pressed()) lic 0();
else DeSchedule() ;
}
task 1 main()
{
for (;:)
if (button 1 pressed()) lic 1();
else DeSchedule() ;
}

8. Quyeén sir dung tai nguyén (Semaphores)

Pé tang kha nang sir dung hiéu qua thoi gian lam viéc cua CPU va cai thién thoi
gian cho viéc chuyén tac vu, nguoi ta dwa thém mot cau tric di liéu nia 1a
Semaphores. Cac Semaphore nay cho phép thay doi trang thai cia cac tac vu.

Trong mé hinh cua ta, hai tac vu s& 1am viéc lan lugt va chiém mot khoang thoi
gian cua CPU. Véi Semaphore sé dua thém 2 bién vao khéi TCB la bién Trang
thai (State) va bién doi chuyén tiép (NextWaiting). Thong thuong khi khoi tao
State duoc cai ¢ ché do chay (RUN) va NextWaiting c6 gia tri 0. Khi can State c6
thé duoc cai gia tri BLKD (blocked — bi khoa), nhu vay tac vu cd 2 trang théi 1a
chay (RUN) va khoa (BLOCKED) va céc bién diéu khién tuong tng véi no.

NextTask

Siate




Tiép theo, ta can thay d6i ham chuyén tac vu ISR, trong d6 bo qua tac vu khi

dang ¢ trang thai khéa (BLKD) nhu sau:
- Xba ngat (néu can)

Luu trir thanh ghi bén trong CPU vao khéi TCB ma Tac vu hién tai
(CurrentTask) dang chi téi.

Lap lai:

Thay thé Tac vu hién tai (CurrentTask) bang con tréo Tac vu ké tiép
(NextTask). Tac vu ké tiép nay nam trong khdi TCB ma tac vu hién tai
dang chi dén.

Cho dén khi trang théai caa Tac vu hién tai 13 RUN

Phuc héi c4c thanh ghi bén trong CPU tir khdi TCB ma Tac vy hién tai
(CurrentTask) dang chi dén.
Tro vé tir ngat.

C6 mot diém quan trong véi md hinh ndy 1a: Khi xem xét mot tac vu, can
xac dinh trang thai cua tac vu, tac vu hoat dong khi né ¢ trang thai RUN. Trang
thai (State) cua tac vu co thé thay do6i bat ky vao thoi gian nao, néu né khéng &
trang thai RUN thi khéng thé chuyén dén tac vy nay. Mot Semaphore sé diéu khién
trang thai cua Tac vu.

Khai niém vé Semaphore duoc hiéu nhu sau: Mot Semaphore md ta sé lugng
kha thi tai nguyén hé théng, Semaphore dém s6 luong tai nguyén. Néu hién tai
khong con tai nguyén trong, semaphore s& dém so luong tac vu doi dén luot st
dung tai nguyén, hay néi cach khac day chinh 1a sé luong tai nguyén con thiéu.
Néu ngudn tai nguyén con thiéu thi khbi TCB cua tac vu dang doi s& dugc bd sung
vao danh s&ch tac vu doi va n6 s& nam & vi tri dau tién trong danh sach.

Semaphore bao gom 2 bién 1a mot bo dém va con tro toi khdi TCB. Trong khéi
TCB con tro doi két tiép (NextWaiting) chi hoat dong néu gia tri bo dém nho hon
0, néu khdng thi con tré khéng hoat dong va n6 cé gia tri 0. Con tré mé ta trang
thai caa Semaphore thé hién o bang dudi.

Gia tri bo Con tro doi ké tiép trong Trang thai
dém khéi TCB
N>0 0 N ngudn tai nguyén chua
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st dung

N=0 0 Khéng c6 nguon tai
nguyén cho phép sur dung
va chua c6 tac vu doi dé
st dung tai nguyén

N<0 Téac vu ké tiép can doi giai | N tac vu doi tai nguyén,
phéng tai nguyén c6 nghia la N tai nguyén
con thiéu

Khi 1 Semaphore duogc tao ra, b dém duoc gan véi gia tri N>0 twong Gng Voi
N ngudn tai nguyén co thé su dung, lGc ndy con tro doi két tiép (NextWaiting) c6
gia tri 0. Khi d6 cac tac vu c6 thé yéu cau 1 tai nguyén bang cach goi 1 ham P(),
hoac cé4c tc vu c6 thé giai phong tai nguyén bang cach goi 1 ham V(). Tén cua
ham P va V duoc dé xuét caa Dijketra, nguoi dua ra khai niém Semaphore.

Thuat toan cta ham P() nhu sau:

e If bo dém Counter >0 (tic 1 c6 du ngudn tai nguyén )
(giam sé lugng tai nguyén)
e Else (tire 1a khong con tai nguyén c6 du)
Giam bo dém (tang sb luong tac vu doi)

Gan trang thai (State) cua

Téc vu hién tai vé trang thai BLKD

B sung Téc vu hién tai vao phan cudi cua

Danh sach doi va thuc hién ham DeSchedule().

Nhu vay ham P kiém tra gia tri bo dém Counter xem c6 ton tai tai nguyén
du hay khong. Néu c6 thi tai nguyén s& duoc st dung va s6 luong tai nguyén du s&
giam 1 gid tri trong qué trinh thyuc hién. Néu khong, s6 luong tac vu doi s& tang 1
gia tri (ddng nghia voi gia tri bo dém giam), tac vu s& bi khéa va dugc bo sung vao
hang doi, cudi cung thuc hién ham DeSchedule() dé viéc khda tac vu cd hiéu lyc.
R rang 1a bo dém giam 1 gid tri trong bat ky trudng hop nao.

Ta c6 thé thuc hién thuat toan twong dwong nhu sau:

o Giam by dém



e NéuBo dém <0
Gan trang thai (State) cua
Téc vu hién tai vé trang thai BLKD
B sung Téc vu hién tai vao phan cudi cua
danh sach doi va thuc hién ham DeSchedule().
Ham V() dugc thuc hién theo thuat toan sau:
e NéUBOdm>0  (tuc 1a khdng con tac vu doi)

Ting bd dém (tang sb luong tai nguyén du)
o Else
Tang bo dém (Giam s6 luong tac vu doi)

Gan trang thai (State) cua
Téc vu dau tién trong hang doi vé trang thai RUN
X06a Téac vu dau tién trong hang doi
Ham V() kiém tra gia tri Bo dém, Néu V() xéac dinh bo dém 1a >0, c6 nghia 1a
khéng c6 tac vu doi thi don gian chi taing B6 dém, théng béo 1a cd it nhat tai
nguyén du. Néu V() xac dinh bd dém <0, tic 1a 6 tac vu doi. S6 luong tac vu doi
s& giam 1 don vi nho bo dém ting 1 gia tri, tic vu dau tién trong hang doi s&
duwoc mé khoa va chuyén sang trang thai chay RUN. Dong thoi tic vu nay ciing
duoc x0a khoi danh sach doi.
Hinh dudi thé hién su hoat dong caa ham P() va V():

Count =2

Count =1

Count =0

Count =-1

Ty RUN '
T, BLKD

Mot Semaphore hoat dong rat giéng 1 tai khoan ngan hang. O day khong han han
ché sé tién gui vao tai khoan (ham V(). Chi co diéu ban c6 thé rdt tién ra (ham
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P()) chi khi ban con du tién trong tai khoan. Trong trudng hop nay ban can doi cho
dén khi co ai d6 cap du tién vao tai khoan. Néu ban ¢ gang gian 1an bang cach rat
tién tur tai khoan rdng (dung ham P() khi Bo d¢ém bing 0) thi ban s& bi phat tu (bi
khoa) cho dén khi tién da hoan trong tai khoan.

Cung giéng nhu tai khoan ngan hang, ¢ su khac nhau rd rang gitra ham P() va

ham V() nhu bang dudi day:

PO

V0

Ham P() khong duoc goi trong
ham dich vu ngat ISR

Ham V() co thé duogc goi tir bat ky
d4u, ké ca ham dich vu ngat ISR

Khi mot ham P() duoc goi ¢ thé
khoa tac vu

Khi mot ham V() dugc goi co thé
khdng khoa bat ky tac vu nao

Gia tri am cua bo dém duoc gidi
han béi s6 lwong tac vu ton tai, sau
d6 mdi tac vu dugc khoa khi ham
P() duoc goi khi bd dém <0

Ham V() tac dong voi bat cir gia tri
nao cua bo dém, no chi tang gia tri
nay lén gia tri cao hon

Ham P() doi hoi thoi gian thoi
gian dap tng la O(N) khi bo dém
<0 va O(1) khi >0.

Ham V() thuc hién véi thoi gian
khong doi.

Cac Semaphore sir dung gia tri khoi tao ban dau phy thudc nao diéu kién cu thé

nhu bang sau:

Gia trj khoi tao bo dém

biéu kién

N>1 Semaphore thé hién con du N tai nguyén

N=1 C6 1 tai nguyén du cho 1 tdc vu st
dung, vi du nhu khéi phan cang

N=0 C6 mot hoac mot vai tai nguyén, nhung

chua cap phat. Vi du nhu b dém dé




nhan di liéu

9. Hang doi

Nhu di thiy ¢ trén thong qua Semaphore cung cdp mot cong cu manh mé dé diéu
hanh ché d6 da nhiém. Tuy nhién trong phan nay ta xem xét mot cau tric dir lidu
hay sir dung trong h¢ diéu hanh thoi gian thyc do 1a hang doi. Hang doi, 1a viéc
theo nguyén tac FIFO, 13 bo dém dit liéu c6 2 ham lam viéc chinh 1a Put() va
Get(). Kich thudc cta phan tir (Item) luu trong hang doi ¢ thé bién ddi, ddng thoi
s6 luong phan tir cing co thé thay doi.

B¢ dém vong tron (Ring Buffer)

Mot dang don gian nhét ciia hang doi 13 ving dém vong tron. Mot ving nhé lién
tiép dugc cap phat cho bd dém, c6 2 bién GetIndex va Putindex ban dau co gia
tri 0 chi vao vi tri dau tién cta ving nhé. Pic diém cua 2 gia tri nay 1a chi ting,
khi chi dén vi tri cudi ving nhé s& bi x6a vé gia tri bat dau. Bo dém dugc coi l1a
rong néu va chi néu Getlndex= Putlndex. Ngoai ra Putindex ludn ¢ phia trudc
Getlndex, co truong hop Putindex nho hon GetIndex khi PutIndex qua vé gia tri
ban dau khi vuot qué gid tri lon nhét cua ving nhd.




Butfer

Item Item Item Item Item Item

Thuat todn cia ham Put() dé dua mot phan tir (Item) vao bo dém vong nhu sau:
e Doi trong truong bd dém bi day hodc béo 18i trong trudng hop bd dém bi
tran.
e Buffer[Putindex]=Item
e Putindex=Putindex+1

Ham Get() c6 chirc niang ldy phan tir (Item) ra khoi bo dém, ham nay thuc hién
thuat toan sau:

e Doi trong trudng hop bo dém rong

e Item=Bufer[GetIndex]

o GetIndex=GetIndex+1
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Trong thuc té bd dém rdng thudng xay ra hon trudng hop bo dém tran. Cung
gidng nhu tai khoan ciia ngan hang thudng trong tai khoan khong c6 tién nhiéu
hon 1 trudng hop qué nhiéu tién.

B¢ dém vong tron véi Get Semaphore

Vi ¥ tudng xem xét phan tir (Item) trong bd dém nhu mot tai nguyén. Ta s& bd

sung viéc thao tac vdi Getlndex va Putlndex mot Semaphore goi la

GetSemaphore dé biéu thi su hién dién cia phﬁn tir bén trong bo dém. Ciing

tuong tu nhu Getlndex va Putlndex duoc khdi tao voi gia tri 0, Semaphore nay

cling c6 gia tri bo dém khai tao bang 0.

Vi moéi ham Put(), mot ham V() duoc goi sau khi phf?m duoc dua vao bo dém.

e Doi trong truong bd dém bi day hoic bao 15i trong trudng hop bo dém bi

tran.

e Buffer[Putindex]=Item

e Putindex=Putindex+1

e Goi ham V() cho GetSemaphore.

Véi mdi ham Get(), mot ham P() duoc goi trude khi x6a phan tir khoi bo dem.

Néu trong bo dém khong con phan tir nao thi ham P() bi khoa cho dén khi sir

dung ham Put() va V() dé dua phan tir vao bo dém

e Goi ham P() cho GetSemaphore

o [tem=Bufer[GetIindex]

o GetIndex=GetIndex+1

Bo dém vong tron véi Put Semaphore

Thay cho truong hop xem phén tir 12 tai nguyén, ta xem xét ving nhd trong
trong b dém 1a ngudn tai nguyén. Ta s& bd sung viéc thao tac voi GetIndex va
PutIndex mdt Semaphore goi 1a PutSemaphore dé biéu thi sy hién dién vung
khong gian tréng trong bd dém. Ciing twong ty nhu GetIndex va PutIndex dugc
khoi tao voi gid tri 0, Semaphore ndy ciing c6 gia tri bd dém khoi tao bang kich
thudce cua bo dém (Buffer Size).

Véi mdi ham Put() , mot ham P() thuc hién trude khi phan tir duoc dua vao bo
dém va vung tréng ctia bd dém bi giam di. Néu khong vao ving trong trong bo
dém thi ham P() bi khoa cho dén khi goi ham V() dé giai phong ving nhé trong
bo dém.
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e Goi ham P() cho PutSemaphore
e Bufer[Putlndex]=Item
e Putindex=Putindex+1

Vé6i mdi ham Get(), mot ham V() thuc hién sau khi x6a 1 phan ttr khoi bd dém
va bao rang c6 thém vj tri tréng trong bd dém.
e Doi néu bo dém rdng
o [tem=Bufer[GetIindex]
e Getlndex=GetIndex+1
e Goi ham V() cho PutSemaphore
So dd nay dugc str dung it hon truong hop GetSemaphore.
Bo dém vong veéi Get va Put Semaphore
Cubi cung ta xét dén truong hop str dung ca hai Get va Put Semaphore véi b
dém vong.
Véi mdi ham Put(), mot ham P() thuc hién trude khi phan tir dua vao va mét
ham V() thuc hién sau khi phan tir dua vao:
Goi ham P() cho PutSemaphore
Bufer[Putindex]=Item
Putindex=Putindex+1
Goi ham V() cho GetSemaphore

M®i ham Get(), mot ham V() thuc hién trudc khi phan tir bi x6a va mot P() thuc
hién sau khi phan tir x6a tir bo dém.
e Goi ham P() cho GetSemaphore
o [tem=Bufer[GetIndex]
e GetIndex=GetIndex+1
e Goi ham V() cho PutSemaphore.
So dd cau trdc 18i caa hé diéu hanh thoi gian thuc
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Application

Application

Kernel

Quene

Application Serial 'O Task *
Startup

0s Queune Queue Semaphore

A A

User Mode

Supervisor
Mode

vy Y [ vy

Startup Hardware Access ISR Scheduler P(), V(), Poll()

cri0.5 ‘ +

v [

Hardware (DUART)

4.3 Hé diéu hanh RTX-51.

Déi véi hé thong nhing hé diéu hanh thoi gian thuc RTX c6 hai diém chung
sau:

- T4c vu can thyc hién trong thoi gian du ngan

- M6t vai tc vu hoat dong doc 1ap vé thoi gian va thuat toan, nhung can hoat

dong cung luc trén mot vi xur ly.

Van dé dau tién doi hoi hé thong dap tmg tinh thoi gian thuc.

Vén dé thtr hai doi hoi can thiét ké mo hinh hé théng c6 thé hoat dong nhiéu
chuong trinh hay nhiéu tac vu cung lic. Trong truong hop nady mdi tac vu riéng
biét duoc to chitc nhu mot khoi tinh toan doc 1ap.
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System ISR's

Systemn Tasks
RTX Keme

User I5R’s

Hé diéu hanh thoi gian thuc RTX-51 da nhiém bao gdm cac ham dé giai quyét
2 van dé trén duoc ap dung cho tat ca cac chip vi xur Iy ho C51.
Céac vu diém cua hé diéu khién thoi gian thyc nhu sau:
- M6t chuong trinh ¢6 thé dugc xay dung, kiém tra, hiéu chinh dé dang hon.
Kha nang nay c6 dugc nho viéc phan chia su hoat dong thanh céc tac vu.
- Viéc module hoa cho phép cac tac vu riéng biét dugc sir dung trong cac phan
khac nhau ctuia chuong trinh.
- Nho giai quyét 2 van dé 1a tinh thoi gian thuc va ché do da nhiém, nén
chuong trinh ¢6 tinh cau tric va dé xir Iy hon.
Céc vu diém cta hé diéu hanh thoi gian thyec RTX-51:
- Sir dung don gian, da tich hop vao hé phat trién Keil C51
- Hb tro tat ca cac dic trung caa hé ¢51 nhu tinh toan dau phay dong, ham
chia s¢ (reentrant) va ham ngit.
- Sir dung cau hinh hé diéu hanh than thién cho tat ca vi xir Iy ho C51
- Kha ning mém déo, chi sir dung téi thiéu tai nguyén hé théng dé xay dung
hé diéu hanh.
5 K&t cau cua hé thong thoi gian thuc
5.1Tac vu.

Hé diéu hanh RTX-51 ¢6 2 dang nhu sau:

- Tac vu nhanh thyc hién véi thoi gian ngin va ngat thoi gian. Mdi tac vu
nhanh cé ving thanh ghi va ngan xép riéng biét. RTX-51 hd tro t6i da 3 tac vu
nhanh cing hoat dong tai 1 thoi diém.
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- Té4c vu tiéu chuan can nhiéu thoi gian hon dé thuc hién chuyén tac vu, dong
thoi stir dung bo nhé bén trong it hon tac vu nhanh. Tat ca cac tac vu tiéu chuan
déu chia sé ving thanh ghi va ngin xép. Trong khi thay d6i tac vu noi dung hién
tai ctia cac thanh ghi va ngin xép duoc luu trir trong ving RAM ngoai. RTX-51
hd tro tdi da 16 tac vu tiéu chuan hoat dong ciing 1 thoi diém.

Tac vu ciia RTX-51 dugc khai bdo trong ngén ngit C véi tir khoa  task

Téc vu truyén thong va dong bd

Trong RTX-51 cho 2 cong cu cho phép cac tac vu riéng biét cd thé truyén thong
tin va déng bo tdc vu voi nhau. Cac cong cu ndy hoat dong dde 1ap tai cac tac vu
khac nhau:

- Tin hiéu cho phép truyén tin nhanh nhat dé phuc vu bai toan dong bo.
Khong c6 dit lidu trao d6i véi nhau.

- Théng béo (dir liéu) duogc trao d6i gitra cac tac vu thdng qua hop thu
(mailbox). Hop thu cho phép ché do trao d6i théng qua bo dém. Cac
tac vu c6 thé nim trong hang doi dé nhan dir liéu théng béo. Céc
thong béo riéng biét duoc quan ly bai hop thu tudn theo nguyén tic
FIFO (Vao trudc , ra trudc). Néu c6 vai tic vu cung doi nhan théng
b4o thi tac vu ndo chd 1au nhat s& duoc nhan trudc.

- Semaphore 1a cong cu don gian dé chia s¢ quyén str dung tai nguyén
va chdng xung dot. Bang cach s dung mot tir khoa biéu thi (token)
cua tai nguyén co thé quan Iy theo nguyén tic chi ¢ 1 tac vu tai 1 thoi
diém sir dung tai nguyén d6. Néu c6 nhiéu hon 1 tac vu mong mudn
st dung, thi tdc vu dau tién s& dugc quyén truy nhap, trong khi do tac
vu thtr 2 duoc dit trong danh sach doi cho dén khi tac vu 1 di thuc
hién xong véi ngudn tai nguyén do.

Chuyén tac vu

Hé diéu hanh RTX-51 c6 mét coéng cu dé diéu khién chuyén tac vu theo
nguyén tic uu tién. C6 mot cong cu bod sung dé chuyén tac vu 1a chia khoang
thoi gian theo nguyén ly mach vong (Round-robin scheduling)

Hé diéu hanh RTX-51 t6 chuc thanh 4 mirc d6 wu tién: mirc 0,1 va 2 dwgc sir
dung cho tac vu tiéu chuan. Mic 3 duoc ding cho tac vu nhanh.
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M3i tac vu co thé dogi mot su kién nao d6 dé tic dong ma khong doi hoi dén
thoi gian xt Iy cia CPU. Céc sy kién c6 thé 1a théng béo, tin hiéu, ngat va
hién twong tran thoi gian hoac 13 t6 hop cua su kién trén.
Co0 ba dang doi nhu sau:
- Binh thuong: Tac vu doi (WAITING —~BLOCKED) ¢6 thé dugc khéa
véi thoi gian bat ky cho dén khi mot sy kién xuét hién.
- Co diéu kién: Tac vu doi khong bao gior bi khoa, tac vu dugc kich
hoat néu c6 su kién xay ra phi hop véi diéu kién cho trudc.
- Qué thoi gian (Time-out): Tac vu bi khda néu trong khoang thoi gian
dinh truéc khong cé sy kién phi hop xuét hién.
5.2 Hé théng ngat.
Hé thong diéu hanh thoi gian thuc RTX-51 thuc hién tac vu dong bo voi
cac sy kién bén ngoai nhu hé thong ngat. C6 hai dang caa qua trinh ngat
nhu sau:
- Ham ngat C51.
Céc ngat duoc diéu hanh bang ham ngat C51
- Tac vy ngat.
Cac ngat dugce diéu hanh bang céc tac vu nhanh va tiéu chuan cua
RTX-51
5.3Hé thdng xung nhip déng hd
Trong hé diéu hanh thoi gian thuc RTX-51 xung nhip duoc xay dung tir
cac phan ctng 1a Timer0,1 va 2 cua vi xtr ly. Hé diéu hanh s& su dung
xung nhip nay dé diéu hanh ché do tran thoi gian Time-out va chuyén tac
vu mach vong (Round-robin scheduling)
5.4Tai nguyén hoat dong.
Hé diéu hanh RTX-51 yéu cau céc tai nguyén caa hé théng nhu sau:
- B0 nh¢ chuong trinh:
Nam trong khoang tir 6 dén 8KB, phu thudc vao cac ham st dung
- B¢ nhé trong RAM (DATA va IDATA):
Tir 40 dén 46 byte cho hé thong
20 dén 200 byte cho ngin xép
Thanh ghi bank 0 cho tac vu tiéu chuan, thanh ghi bank 1,2 va 3 cho
tac vu nhanh hoic ham ngat C51.
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- B0O nhd ngoai XDATA:
Téi thiéu 450byte
- Timer 0,1 va 2 cho hé théng xung nhip
6 Chuong trinh vi du

#pragma large

#include <REx51.h> J/ RTX-51 Definitions

fdefine PRODUCER HER 0 /# Tasknumber for the producer task
fdefine CONSTMER NER 1 Jf§ Tasknumber for the consumer task
#define FIRST MATLBOX 0 // The mallbox identification
§define WAIT FOREVER OxFF // A constant, signalling to the RTX

J/ eall, that no timecut for the call is
/i expected.

vold ProducerTask (vold) task PRODUDCER NER

unsigned int MessageToSend = 1;

08 create task (CONSUMER HER) ; {4 Create the Consumer-Task
for {::) {4 endless loop
{

Jf Bend the actual valus of '"send Bes' to mEilbox O
ff LT the mallbox 18 full, walt until there is place for the message
o8 send message (FIRST MATLBOX, MessageToSend, WAIT FOREVER) ;

MessageToSends+;
}
}
vold ConsumerTask (vold) task CONSUMER NER priority 1
{
unsigned int RecelveBuffer;
for ;)
{
J4 Read from mailbox FIRST MATLBOX one mesgage
f# Walt for a message, 1f the mallbox 15 empty
o8 walt (E MEX + FIRST MATLBOX, WAIT FOREVER, &RecelveBuffer):
£
f# ... perform some calculations with the message
rf
¥
}

vold main (vold)

silgned char RLxXREeturnstate;

S Inlt the system and start the Producer-Task
RtxReturnState - o8 _start system (PRODODCER WHR] ;

}

7 Lap trinh trén hé diéu hanh thoi gian thuc
7.1Quan ly tac vu
Ham chinh (main) cua céc tac vu trong hé diéu hanh thoi gian thuc thuc hién
qué trinh chat tr& vé thoigian va phu thudc vao cac su kién bén trong, bén ngoai.
Muc do wu tién co6 thé cai dat cho ting tac vu riéng ré phu thuéc vao mire d6 quan
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trong cua nd. Trong d6 gia tri 3 twong wng voi mic dd vu tién cao nhat va 0 véi
muc d6 uu tién thap nhat.

Hé diéu hanh thoi gian thuc RTX -51 ludn dinh nghia tac vu READY ¢ muc
d6 wu tién cao nhét. Tac vu nay sé& duy tri quyén diéu khién vi xir 1y cho dén khi c6
mot tac vu khac ¢ mirc d6 wu tién cao hon sin sang thuc thi hodc cho dén khi tu
két thic hoat dong.

Néu c6 mét vai tac vu READY tdn tai véi mirc d6 wu tién 0, viéc chuyén tac
vu c6 thé lya chon sau khi két thic 1 khoang thoi gian dinh sin (Round-robin
scheduring)

Str dung chi dan sau khi cai dat méc wu tién tac vu: Chuong trinh can phai hoat
dong binh thuong ma khong phu thugc va mirc wu tién tac vu. Muc d6 uu tién chi
phuc vu cho viéc tdi vu thoi gian

7.2Trang théi tac vu
RTX-51 dugc to chic ¢6 4 trang thai tac vu nhu sau:

READY Tat cac céc tac vu co thé & trang thai READY.
Chi c6 1 tac vu ¢ trang thai chay-RUNNING
(ACTIVE)

RUNNING (ACTIVE) Tac vu duoc vi xu ly thuc hién. Chi cé 1 tac vu
c6 thé o trang thai nay tai 1 thoi diém

BLOCKED (WAITING) Téc vu doi mot su kién

SLEEPING Tat ca cac tac vu khong o trang thai hoat dong

hoac bi diung

Mot sy kién c6 thé xuat hién theo chu ky thoi gian, khi nhan 1 théng béo hoac
tin hiéu, hodc phat sinh 1 ngat. Cac dang sy kién nay co thé 1am thay doi trang thai
cua tac vy, hay n6i mét cac khac nd ¢ tac dong lam chuyén tac vu.

Céc trang thai “READY”, “RUNNING” va “BLOCKED” duoc goi la céc trang
thai tac vu tich cuc. Trang thai nay c6 duoc chi sau khi thuc hién ham khoi tao tac
vu “os_creat task”. Trang thai “SLEEPING” 1a trang thai khong tich cyuc cua tac
vy, trang thai nay xay ra khi tac vu da khai bao nhirng chua duoc khai tao.

Hinh dudi mo ta trang thai cua tac vu.
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7.3Chuyén tac vu

Hé diéu hanh RTX-51 khi thuc hién chuong trinh khai bdo cac tac vu riéng biét
theo nguyén tac 1ap lich (nguo1 diéu van).
Viéc 1ap lich hoat dong theo luat sau:
e TA&c vu VSi mic vu tién cao nhat trong tat ca c4c tc vu & trang thadi READY
sé duoc thyc hién
e Néu c6 mét vai tac vu c6 cling mic wu tién & trang thai READY, thi tac vu
nao co thoi gian doi 1au nhat s& duoc thuc hién.
e Chuyén tac vy chi dugc thuc hién néu luat s6 1 bi vi pham ( trir truong hop
Round-robin scheduring)

Cac luat trén dugc tuan thu chat tré va khhong bao gitro bi vi pham trong moi
truong hop. Trude khi 1 tac vu ¢ thé chuyén trang thai, hé diéu hanh sé& kiém
tra c6 phul hop véi luat khéng. Viée chia thoi gian chuyén tac vu (Round-robin
scheduring) dugc thuc hién néu cac diéu kién sau dugc thoa man:

e Round-robin scheduring can dugc cho phép

e Té&c vu RUNNING cho muc sdd uu tién bang 0 va hién tai khéng thuc

hién phép toan dau phay dong.
e [tnhatco 1 thc vu c6 mirc wu tién 0 nam & trang thai READY.
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e Viéc thay doi tac vu cudi cing dugc thuc hién sau khi lya chon gidn
cach thoi gian caa hé thong ( xem ham :os_set_slice”). Gidn cach thoi
gian cua hé thng co thé thay d6i dong trong khi chuong trinh hoat dong.

Ché do hoat dong duoc uu tién boi RTX-51 la ché d6 da nhiém wu tién. Néu
dugc dung bdi nguoi s dung, tdc vu voi muc do uu tién béng 0 co thé
duwoc quan 1y bang Round-robin scheduring.

7.4Cac lop cua tac vu.

Hé diéu hanh RTX-51 vé co ban gdm céc 16p tac vu sau:

Tac vu nhanh

Bao gdom dap tng dic biét ngian va cim ngat thoi gian

Bao gom mot bank thanh ghi tach roi va mot ngan xép tach roi (cac
bank thanh ghi 1,2 va 3)

Bao gom tac vu ¢6 mirc uu tién cao nhéat (mac 3) va cé thé ngat cudng
burc céc tac vu tiéu chuan

C6 clng muc wu tién va khong thé ngat 1an nhau.

C6 thé bi ngat boi cac ham ngat C51

C6 toi da 1a 3 tac vy nhanh tich cuc trong hé thong

Internal RAM External RAM

Btack-Area for
MNomal-Tasks

Btack-Area for
Fasi-Task 3

Btack-Area for
Fasi-Task 2

Bisck-Area for
Fash-Task 1

Mormal-Task
context

Segisherbank 3 for
Fash-Task 3
Mormal-Task
Registerbank I for context
Fash-Task 2

Segizhertant 1 for
Fash-Task 1
Mormnal-Task
Regiztersar 0 for context
Momal-Tasks

Tac vu tiéu chuan
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Y&u cau nhiéu thoi gian chuyén tac vu hon so véi tac vu nhanh

Chia s& bank thanh ghi chung va ving ngan xép chung (bank thanh ghi 0)
Noi dung hién tai cia thanh ghi va ngin xép dugc luu trit & bo nhd ngoai
(XDATA) khi thanh d6i tac vu

C6 thé bi ngat bai tac vu nhanh

C6 thé bi ngat 1an nhau

C6 thé bi ngat boi ham ngat C51

C6 tdi da 16 tac vu tiéu chuan co thé tich cuc trong hé thdng

MBJi tac vu tiéu chuan luu trit ndi dung trong ving b nhé ngoai. Khi thay doi

tac vu tiéu chuan, at ca cac thanh ghi yéu cau cua tac vu dang hoat dong va

ngan xép tac vu tiéu chuan dugc luu trir trong ving ndi dung. Sau d6 cc thanh

ghi va ngan x€&p cua tac vu ti€u chuan duwoc nap trd lai tir vung ndi dung cua

tac vu dé bat déng hoat dong.

Trong trudng hop tac vu nhanh, mot tac vu thay doi xay ra nhanh hon so véi tac

vu tiéu chuan, moéi mdt tdc vu nhanh déu co6 bank thanh ghi va con tro ngan xét

tach roi. Khi thay ddi tac vu thanh tac vu nhanh, chi c¢6 cdc bank thanh ghi tich

cuc va con tré ngan x&p can thay doi.

7.5Khai bao tac vu

H¢ 1ap trinh C51 c6 cac ham m& rong dé khai bao tac vu nhu sau:
void func (void) [model] _task_[priority <prio>]

C4c tac vu khong tra vé gia tri (void)

Khong c6 tham sé truyén cho tac vu (void trong bang danh séch)

<tastno> 1a méot sé khai béo bai nguoi st dung nam trong khoang tir 0 dén
255. Mdi tac vu can duoc khai bao 1 s6 duy nhat. Sb cua tac vu nay yéu cau
trong hé diéu hanh goi ham dé dinh dang 1 tac vu. S6 luong 16n nhat cac tac
vu khai bao 1a 256. Tuy nhién chi c6 téi da 19 tac vu c6 thé tich cuc tai 1
thoi diem.

<prio> quy dinh mrc vu tién caa tac vu. Gia tri 0 twong trng vai murc uu tién
thap nhat va gia tri 3 twong ang mic wu tién cao nhat. Néu muc suu tién
khong khai bao twong ng v&i murc vu tién cua tac vu 1a 0.

CAc tac vu tiéu chuan co thé duoc bién dich véi bank thanh ghi 0 1a gi4 tri
nguoiam dinh cua bo bién dich C51. Tac vu nhanh cé thé dwoc bién dich
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cho bank thanh ghi 1, 2 hoic 3. Céan dinh huéng viéc ndy thdng qua tir khoa
#pragma REGISTERBANK(x) (trong d6 x c6 thé 1a 1,2,3). Néu quy luat nay
bi vi pham b bién dich va lién két 51 s& béo 15i.

Vi du 1: Tac vu tiéu chuan véi tic vu sd 8 va muc wu tién 0
void example 1 (void) tast 8 priority O

hoac

void example 1 (void) tast 8

Vi du 2: Tac vu nhanh véi tic vu sd 134 va bank thanh ghi 1
#pragma REGISTEBANK (1)

void example 2 (void) tast 134 priority 3

Hai vi duy trén dugc thé hién boi so do dudi

Khaoi tao Khai tao
VV Y
Ham thuc Ham thuc
hién dap g hién
su kién
A 4
Tu x0a
A 4
Poi su kién
\ 4
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Téac vu 1 & hinh trén thuc hién nhiém vy mdi 14n ¢6 1 su kién xuét hién. Su kién
nay xuat hién khi nhan dugc 1 thong bao (message), 1 tin hi€u hoac thoi gian
tran (time-out), hodc t6 hop cua cac sy kién trén.
Sau khi thyc hién xong, tadc vu s vao trang thai doi su kién tiép theo.
Tac vu 2 ¢ hinh trén chi thuc hién nhiém vu dugc quy dinh trude. N6 s€ bi xd6a
sau khi thyc hién xong nhiém vu. Thong thuong tdc vu nay dugc thuc hién khi
tur kiém tra hé thong trong qua trinh khéi dong.

7.6Quan ly ngat

Vi¢c quan ly va thuc hién ngrflt la mot nhiém vu quan trong ctia hé diéu hanh
thoi gian thuc. RTX-51 ¢6 mot vai dang thue hién ngit, nd phu thudc vao timg
bai toan ung dung.
Phwong phat thue hién ngit.
Hé diéu hanh RTX-51 c6 2 phwong phép thuc hién ngit gom:
(1) Ham ngat C51
(2) Ngit tac vu RTX-51:
- Ngit tac vy nhanh
- Ngit tac vy tiéu chuan

Phuong phap (1) dap mg cic ham ngit tiéu chuan cia vi xtr Iy C51véi céc su
kién khong lién quan dén RTX-51. Khai xuat hién ngit, chuong trinh s& nhay truc
tiép dén ham ngéttu’ong ung, qua trinh nay s€ doc 1ap voi tac vu hién tai dang thuc
hién. Ngit 1a qua trinh thyc hién bén ngoai RTX-51 va doc lap véi luat thuc hién
danh sach tac vu.

Phuong phap (2), mot tac vu nhanh hodc tac vu tiéu chuan duwoc st dung dé thuc
hién ngét. Truoc khi ngét xuét hién, tac vu doi (WAITING) dugc chuyén thanh
READY va bit ddu hoat dong phu hop voi luat thyc hién dach sach tac vu. Qua
trinh thuc hién duwoc tich hop bén trong hé diéu hanh RTX-51. Mot ngit clng
duoc goi khi nhén dugc thong bao hay tin hi¢u.

Cac ngit dang nay c6 nhitng vu nhuoc diém nhu sau:

Phuong phap Ngiat C51 Ngit nhanh Ngit tiéu chuan
Thoi gian dap ung | Rat nhanh nhanh Cham

ngét

Qué trinh cap ngit Rat ngin, dung | Ham hé thdng dic | TAt ca cac ham cia
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ham hé théng

bi¢t, cac ngat

nhanh khac

hé théng, tac tac
vu nhanh

Bang ngit

Ham dich vu ngét

Ham dich vu ngét,
tac vu nhanh, tac
vu tiéu chuin véi
murc uu tién cao

Str dung tai nguyén

Nhiéu (ngin xép

Nhiéu (ngin xép

Mot vai ( ngin xép

va cac bank |va cac bank thanh | va bank thanh ghi
thanh ghi) ghi) duoch chia s€ véi
cac tac vu tiéu
chuan khac)
Dang ngat Tinh (chi 1 |Bdng (cho phép da | Pong (cho phép da

nguén ngét tao
ra dich vu ngit)

nguon ngat vaéi tac
vu)

ngudn ngat voi tac
vu)

Cho phép hé diéu

hanh RTX-51 goi

Mot vai truong
hop dac biét

Tat ca

Tat ca

Céc dac trung chinh cta cac ngét trén nhu sau:

e Ham ngat C51

Xay ra dot ngdt hoac co6 chu ky, dac tinh quan trong 1a n6 hoat dong doc 1ap voi

trang thai hién tai cia hé théng
e Ngit tdc vy nhanh

Ngit quan trong hodc c6 chu ky c6 lién két voi hé thong khi no xay ra.
e Ngit tac vu tiéu chuan: hiém khi ding ngat

Hé diéu hanh thoi gian thyc c6 thoi gian dap tng khac nhau véi tic vu nhanh va

ti€u chuan.

7.7Tac dong cho phép ngat

Thanh ghi cho phép ngit ctia vi xtr Iy C51 dugc quan 1y bdi RTX-51 va ngudi

st dung khong dugc truc tiép thay doi.

RTX-51 diéu khién bit cho phép ngit theo luat sau:

-114-




e Ngit ISR c6 thé ngat tat ca cac tdc vu va ham hé thdng tai bat ctr thoi diém
nao. Cac ngit ISR dugc cam bai cac cau Iénh ngan.

e Ngit ISR c6 thé cdm va cho phép ngit bai ngudi st dung nho 2 ham hé
théng (os_enable_isr va os_disable_isr)

e Ngudn ngit dugc gan cho mot tac vu néu tac vu do6 thuc sy doi ngit xuét
hién. Diéu d6 ngan can ngat khdng mong mudn xuét hién trong hé théng.

e Néu tac vu hoat dong I tdc vu nhanh, tat ca céc ngat khac s& bi cAm (ngoai
trir ISR). Ngét chwa quan trong khong ngét tac vu nhanh.

e Néu tac vu hoat dong 1a tc vu tiéu chuan, né cé thé ngat bai tat ca cac ngat
khac. Néu tac vu tiéu chuan khac dang doi mot trong sé cac ngat xuat hién,
no s& dugc chuyén sang trang thai READY bai hé diéu hanh. Tuy nhién, n6
chi duoc hoat dong néu c6 mirc do wu tién cao hon tac vu hién dang chay.

e Tat ca cac ngat tac vu tiéu chuan duoc cam khi thuc hién ham hé théng

e Ngat thoi gian hé thong (phan cang Timer 0 hoac 1) hoat dong twong tu nhu
ngat tac vu nhanh.

7.8Hoat dong cua thanh ghi uu tién ngat.

Thanh ghi vu tién ngat ciia vi xtr Iy C51 khong tac dong dén hé diéu hanh RTX-
51. Khi hé thong dang hoat dong binh thuong, hé diéu hanh RTX dam bao rang céc
ngit van sé& lam viéc theo cai dit ctia nguoi st dung.

Tat ca cac ngit tac vu ciia RTX 1am viéc gidng nhu wu tién ngit phan ctng. Tuy
nhién qua trinh ngit ISR chwa chic dugc toi uu néu ngat tac vu va ISR duoc cai
dat cung mirc do uu tién.

7.9Khai bao ham ngit C51

Ham ngat co6 thé dugc khai bao nhu sau:
void func(void) [model] [reentrant] interrupt n [using n]
e Khi c4c ham ngat duoc sir dung, bank thanh ghi st dung c6 thé giéng hoic
khac nhau
e Vi viéc dung bank thanh ghi:
Khi vao ngat, ham ngat s& luu trit cac thanh ghi ACC,B,DPH,DPL va PSW
vao trong ngin xép cua tac vu ngat. Trude khi cac thanh ghi duoc ghi, nguoi
st dung phai chac chan rang ham ngat khdng sir dung bank thanh ghi ma hé
diéu hanh RTX str dung. Bank thanh ghi 0 ciing khong duoc st dung ( do
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ludn duoc tac vu tiéu chuan va hé thdng xung nhip dung) Cac bank thanh
ghi 1,2 hoic 3 c6 thé duoc sir dung néu khong dung dén tac vu nhanh.
e Khong dung bank thanh ghi

Khi khong dung bank thanh ghi, tit cic cac thanh ghi yéu can s& duoc ghi va
ngin xép. Thao tac nay s& mat nhiéu thoi gian hon va lam ting kich thudc ngin
xép. Trong trudng hop ndy cac bank thanh ghi dwoc hé diéu hanh RTX thoai
mai st dung.
e Céac ham ngét C51 khi sir dung bank thanh ghi tuyét dbi khdng st dung bank
0 va mét trong nhitng bank ma tac vu nhanh st dung.
7.10  Tac vu truyén thong.
CAc tac vu riéng biét véi hé diéu hanh thoi gian thuc c6 thé hoat dong doc
lap. Chiing c6 thé sir dung chung dit liéu, trao doi théng tin véi nhau hoic
phdi hop thuc hién nhiém vu chung.
Hé diéu hanh RTX bao gém 2 cong cu truyén thong tin 1a hop thu mailbox
va gui tin hi¢u (signal).
Tin hiéu (signal)
Tin hiéu la dang don gian va nhanh nhat dé truyén tin caa tac vu. N6 hay duoc
str dung do viéc ddng bd d& dang va khdng yéu cau trao doi dit liéu.
MJ3i tac vu tich cuc cd c&c co tin hiéu c6 thé thuc hién tac thao tac sau:
e Doi mot tin hiéu
e Gui tin hiéu
e Xobatin hiéu

S6 hiéu tac vu cua tac vu nhan dung dé nhan dang tin hiéu cho mdi tac dong cu thé.
DPoi tin hi¢u

MBoi tac vu c¢6 thé doi co tin hiéu (ham hé thong 13 “os_wait”). N6 doi cho dén khi
cO tin hi€u nay dugc dung 1€n bdi moth tdc vu khac (ham hé théng la
“os_send signal”). Sau khi 1 tin hi€u da nhan duoc, Tac vu doi x0a tin hi¢u co va
chuyén sang trang thai READY hodac RUNNING phuc thudc vao quan h¢ mirc uu
tién.

Néu tin hiéu co da duoc dung 1én khi mdt tac vu goi ham do1i (tire 1a khi tin hi¢u co
da duogc dung 1én véi tdc vu khac) thi né s€ thuc hién ngay viéc nhan tin hiéu. Téc
vu nay khong thyc hién ¢ trang thai dgi (WAIT- BLOCKED).
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Thoi gian doi c6 thé bi han ché. Néu thoi gian quy dinh bi vuot qua ma khong
nhan duogc tin hiéu thi tac vu doi chuyén sang trang thai READY v6i mot thong
b4o 16i 13 tran thoi gian (time-out)
Giri tin hi¢u
MBJi tac vu va mdi ham ngit c6 thé dung cd tin hiéu cua tac vu khac bat ky (gui 1
tin hiéu cho tac vu nay). Chi 1 tin hiéu duoc gui va luu trit v6i tac vu. Néu qua lau
ma bén nhan khong nhan duoc, x4c nhan viéc giri 16i.
Xoa tin hiéu
MOt tac vu c6 thé x6a tin hiéu co cia tac vu khac bat ky. Viéc nay cho phép thay
d6i trang thai tin hiéu trong hé thong & bat ky thoi diém nao.
Hop thu (Mailbox)
Vé6i hop thu, cac thong bao (massege) voi thé dugc trao d6i md cach an toan giita
cAc tac vu cu thé.
Hé diéu hanh RTX-51 cung cip cac ma hiéu c¢d dinh cho 8 hop thu. Cac thong bao
c6 thé dugce trao d6i tir (word -2 byte) giita cac hop thu nay. Trong truong hop nay,
mot thong bao co thé 1a dit liéu thue té duoc truyén hodc 1a ma nhan dang cua bo
dém dir liéu (viéc nay dugc dinh nghia béi nguodi st dung). So sanh véi tin hidu,
hop thu khong danh cho tac vu cu thé, nhung c6 thé dugc sir dung boi tat cac céac
tac vu va ham ngét. Viéc tuye nhap hop thu duoc thuc hién théng qua ma hi¢u hop
thu.
Hop thu cho phép cac thao tac sau:

e Gui thong bao

e Doc thdng bao

Danh sach hop thw

Mobi mot hop thu bao gdm bén trong 3 danh sach doi. Nguoi str dung khong thé
tryc tiép truy nhdp va danh sach nay. Nam bt duwoc cac chirc niang ndy mdi hiéu
duwoc hoat dong cta hop thu.

Danh sach doi bao gém cac trang thai hoat dong sau:

Mo ta trang thai Danh sach thong | Ghi danh sach dgi | Poc danh sach doi
bao

Khong c6 thong | Rong Rong Rong
bao
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Khong c6 tac vu

doi

Khong c6 thong | Rong Rong Khong rong
bao

Co6 tic vu mubn

doc thong bao

Co cac thong bdo | Khong rong Rong Rong
Khong co6 tic vu

doi

Danh sach thong | Pay Khong rong Rong

béo day, C6 tac vu
mudn ghi thong
bao

Ba danh sach trén c6 cac ham thuc hién sau:
(1) Danh sé&ch théng béo: Liét ké cac thong bao da duoc ghi vao hop thu. Téi da
c6 8 thdng béo
(2) Danh sach doi ghi: Danh sach doi cac tac vu mudn ghi 1 théng béo vao
trong danh sach thong bao cua hop thu (ti da 1a c6 16 tac vu)
(3) Danh sach doi doc: Danh sach doi cac tac vu mudn doc 1 théng béo tir danh
sach thong bao cua hop thu (tdi da 1a c¢6 16 tac vu)

Tat ca 3 danh sach doi trén déu ap dung nguyén tic FIFO (Vao trudc , ra trudc)
khong co thtr ty wu tién. Tac 1a khi doc, tac vu ndo choi lau nhat (dau tién trong
hang doi) s& liy thong bao cii nhat trong hop thu.

Giri 1 thong bao vao h¢p thw

MBbi tac vu co thé giri 1 théng bao vao mot hop thu bat ky. Trong truong hop nay,
trong truong hop nay thong bdo gt s€ dugc copy vao trong danh sach thong bao.
Tac vu giri sau d6 duogc ty do truy nhap dé thong bao do.

Néu danh sach thong bao di day trong qué trinh gui, tic vu s& chuyén sang ché do
doi (Vao trong danh sach doi ghi). N6 s& ¢ trang thai nay cho dén khi c6 mot tac
vu khac di l1ay 1 thong bao tir hop thu va giai phong chd. Tuy nhién hé théng sé
gi6i han thoi gian dé giri thong bao.
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Néu danh sach thong bao khong bi day, khi xuat hién qué trinh giri thong béo s&
duoc copy vao danh sach thong bao va tac vu khong can phai doi.
Poc thong bao tir hgp thw
MBdi tac vu co thé doc 1 thong bao tir hop thu bat ky. Néu danh sach thong bao cia
hop thu rong (khong ¢ thdng bao), tac vu s& chuyén sang trang thai doi (duoc dua
vapf danh sach doi doc)
Qua trinh doi sé tiép tuc cho dén khi mot tac vu khac guri thong bao vao hdp thu.
Tuy nhién hé thdng sé& gidi han thoi gian dé doc thong bao.
Néu danh sach thong bao khong rong, tic vu doc s& nhan thong bdo va tic vu
khong can phai doi.
Semaphore
Khai niém Semaphore duwoc hiéu 1a cac ngudn tai nguyén can duoc chia s& cho
cac tac vu ma khong c6 xung dot.
Trong hé théng da nhiém thudng xuyén cac tac vu st dung cic nguoion tai nguyén
ciia hé théng. Khi mot vai tac vu c6 thé sit dung cling port ciia viung nhd, cing
kénh truyén thong ndi tiép hodc ngudn tai nguyén khac, chung ta phai tim cach loai
trir cac kha nang xung dot ctia hé thong. Semaphore 1a mot cach thirc dé diéu hahf
quyén kiém soat cac tai nguyén chia sé
Semaphore chtra mot chi thi -khoa (token) 13 chuong trinh ctia ban duge quyén tiép
tuc thuc hién. Néu ngudn tai nguyén d6 da duogc str dung thi s& yéu cau tac vu dimg
(khoa) cho dén khi khoa dugc tra lai cho Semaphore.
C6 2 dang Semaphore 13 Semaphore nhi phan va Semaphore bo dém. Tuong (g
v6i tén cua nd: semaphore nhi phan chi c6 2 gia tri 1 va 0 (c6 khoa hay khong).
Vé6i Semaphore bo dém cho phép céac gia tri tir 0 dén 65535.
Hé diéu hanh RTX-51 cung cép mi hiéu ¢ dinh cho 8 Semaphore dang nhi phan.
Céac Semaphore cho phép cac thao tac sau:
e Dgi khoa (token)
e Tra (gui) khoa
Dg¢i khoa
Mot tac vu yéu cAu mot tai nguyén dugc diéu khién bai Semaphore c6 thé léy
khoa tlir Semaphore nay bang dong tac doi (ham os_wait”). Néu mot khoa cho
phép dung thi tac vu sé& tiép tuc thuc hién. Néu khong no s& bi ding cho dén khi
c6 khoa hodc qua thoi gian cho.
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Tra khoa
Sau khi thyc hién xong nhi¢ém vu véi tai nguyén, tac vu s€ trae lai khoa vé
Semaphore bdi ham gt (ham 6s_send token™)

7.11 Quén ly bo nhé dong

Khong gian ving nhd dong thuong duoc st dung trong hé da nhiém dé luu cac
két qua va thong bao trung gian. Viéc yéu cau va giai phong khdi ving nhé cu
thé can duogc thuc hién véi thoi gian cd dinh trong hé diéu hanh thoi gian thyc.
Quan 1y bd nhé st dung cac ham diéu hanh khéi viung nhé véi kich thude quy
dinh b6i cac ham C tiéu chuan (malloc va free)
Hé diéu hanh thoi gian thuc str dung céc thuat toan don gian va hiéu qua voi céac
ham lam viéc voi khéi ving nhd ¢6 kich thudc ¢b dinh. Tat ca cac khoéi ving
nhd co cung kich thudc dugc quan 1y bang cach cap phat ving nhé (pool
memory). C6 t6i da 16 viung nhd dugc cap phat co kich thude dinh nghia sin.
C6 toi da 255 ving nhd nhé duge quan 1y trong ving nhd co kich thude cb
dinh.
Tao vung nhé (pool memory)
Nguoi st dung ¢ thé tao ra tdi da 16 ving nhd pool véi kich thude cho trudc.
Can st dung bo nhd ngoai XDATA dé 1am viéc nay. Vung nhé nay duwoc ghi
nhan va quan 1y béi hé diéu hanh RTX (ham os_creat_pool)
Yéu cau khdi bd nhé tir ving nhé Pool
Sau khi bd nhé pool duwoc khéi tao, tmg dung co thé doi hoi st dung ngay
khéi ving nhé trong pool. Trong trudng hop ndy can khai bao kich thude khoi
vung nh¢ st dung.
Néu con khdi troong trong ving nhd pool, hé diéu hanh bit dau danh dia chi
ctia khéi nay cho tng dung. Néu khong co khéi trong, s& tra vé gia tri con tro
null ( xem ham “os_get block™)
Tra lai khdi viing nhé cho b nhé Pool

Néu tng dung khong str dung khdi bd nhd nita, nd c6 thé tra lai cho ving nhd
Pool dé tmg dung khac dung.

7.12 Quan ly thoi gian.

Hé diéu hanh RTX c6 mot bo dém thoi gian bén trong, dung dé do thoi gian
tuong tmg da tréi qua sau khi hé thong bat dau hoat dong. Viéc nay duogc thuc
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hién nho bo dinh thoi (timer) cta vi xir Iy. Thoi gian t6i qua giita cac ngit cla
bo dinh thoi goi 1a nhip thoi gian ctia hé thong (system time slice).
Nhip thoi gian nay dé phuc vu cho cac dich vu dac biét nhu tam dung hay thoi
gian tran (time-out) cua tac vu doi.
C6 3 ham tho1 gian tuong ting nhu sau:

e (Cai dat nhip thoi gian hé théng

e Tré mot tac vu

e Chu ky tich cuc cua tac vu

Pit nhip thoi gian hé thong
Chu ky gitta cac ngat cia bo dinh thoi hé thong 13 hat nhan cta nhip thoi gian. Do
16n cua chu ky duoc goi 1a thoi gian co so (time slice) co thé dugc cai dit trong
mot pham vi rong (ham “os_set sclice”)
Tré tac vu
Mot tac vu co thé duoc tré v6i thoi gian 14 s nguyén cua thoi gian co so. Trong
lac goi ham nay, tac vu s& bi khoa (ngi1 ) cho dén khi mot khoang toi gian troi qua
(ham “os_wait).
Chu ky tich cuc cua tac vu
V&i nhiéu ung dung thoi gian thuc, can thuc hién tic vu mét cach co chu ky. Chu
ky tich cuc tac vu co thé dat boii gidin cach ciia ham doi (ham “os_wait”) .

7.13 Céac diém dic biét voi hé C51

Pé thich nghi véi cac ham ngat C51, hé diéu hanh thoi gian thuc hd trg bd bién

dich dac bi¢t RTX.

B6 bién dich ¢6 cac dic diém sau:

M6 hinh bg nhé C51
Mot img dung hé diéu hanh thoi gian thuc RTX-51 co thé sir dung tat ca cac mo
hinh by nhé nhu SMALL, COMPACT, LARGE). Trong d6 m6 hinh COMPACT
dugc st dung dé phuc vu ham Reentrant.
Vi¢c lua chon mo6 hinh bd nhd chi cé hi€u luc trong module con cia chuong
trinh.Céc bién trong hé diéu hanh thoi gian thuc RTX ludn duge ci[s phéap trong
ving bo nhé ngoai XDATA. Tat ca cac tmg dung RTX-51 déu doi ho b nhé
ngoai, nhu vay hé thong khong c6 bd nhé ngoai khong thé ding cho hé diéu hanh
thoi gian thuc.
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Thong thudng cac Gmg dyng RTX st dung mé hinh LAGRE. Cac bién ma thoi
gian can truy nhap nhanh c6 thé chon trong viing nhé trong RAM.
Ham Reentrant
Céac ham thong thuong cta hé C51 khong duoc sir dung ddng thoi boi mot vai tac
vu hoac ham ngét. Céac ham nay luu trir cac tham s6 va dit liéu cuc bod trong doan
bd nhé tinh. Khi nhiéu ham cung goi co thé co hién tuong bi ghi d¢ dir licu.
Pé giai quyét van dé nay C51 cung cap ham Reentrant. Trong trudng hop ndy, cac
tham s va bién dir liéu cuc bo duoc bao vé chong ché d6 goi nhiéu lan. Hé diéu
hanh RTX hd tro viéc st dung ham Reentrant trong mo hinh b nhé COMPACT.
Trong trudng hop ndy, cic ngan xép riéng ré c6 kich thude phu hop sé& dugc tao ra
va quan 1y cho mdi tac vu. Ham ngat co thé st dung cac ngan xép ndy trong ngat
tac vu RTX.
e Hé diéu hanh RTX chi hd trg cac ham Reentrant trong mé hinh bo nhé
COMPACT.
e M@i tac vu c6 ngan xép riéng biét
e Céc ham Reentrant cd thé dugc st dung két hop véi ham No-reentrant v6i
mé hinh bo nhé SMALL va LAGRE. Viéc sir dung dong thoi ham reentrant
va non-reentrant khéng cho phép trong mé hinh b nhé COMPACT.
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CHUONG 5. KY THUAT LAP TRINH CHO HE PA VI XU LY:

5.1 Khai ni¢m chung:

Nhiéu bai toan can st dung sd luong cong port, sé Timer, RAM 16n hon ngudn tai
nguyén cta 1 vi xtr 1y sin c6, vi du nhu can 60 céng port, 6 timer, 2 kénh truyén
UART.... Iac nay c6 thé sir dung giai phap dung 2 vi xir Iy ghép ndi véi nhau véi
gia thanh tuong ddi thap.

Vi 1 hé da vi xtr Iy chuong trinh x4y dung theo module vi du can ché tao 1 dong
ho dién tir ta co thé xay dung 2 module: Module thir nhét c6 nhiém vu xac dinh va
diéu chinh thoi gian, module thr hai ¢c6 nhi€ém vu hién thi thoi gian c6 cac dang
nhu LCD, Led 7 thanh hodc dong co budc.

Mot vi du khéc, can thiét ké 1 hé théng thu thap s6 liéu da kénh:

Sensor 1

Sensor 2 PC

Sensor 3

Trong truong hop day ndi tir Sensor bi dat, cac dit liéu tir Sensor d6 bi mét, tuy
nhién hé thu thap khong xac dinh duoc 16i do bi dut cap ma van nhan dir liéu sai tir
Sensor.

C6 1 giai phap khac 1a thiét ké dang sensor thong minh, ma khau do luong dugc
thuc hién ngay tai chd, viéc truyén dit liéu vé hé thu thap duoc thiét lap thong qua
1 giao thirc quy dinh sén.

Luc ndy viéc xac dinh viéc dit dudong két ndi sé rat d& dang do giira hé thu thap va
vi xur 1y tai dau do c6 su trao ddi thong tin cho nhau.
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A\ 4

PC

Nhu vay ¢ ddy ta vira xay dung duong két ndi giita cac vi xir Iy trong cung 1 hé
thdng c6 nhimg dic diém sau:

- Dong bd sy hoat déng cua cac vi xtr Iy

- Truyén dit liéu gitra cac vi xur ly

- Kiém tra 15i ctia cac nat két ndi trong mang
Vi du vé dong bd dong hd gitta cac diém nit trong mang.
Ngoai nhiém vu déng bo dong ho, trong nhiéu tng dung can truyén dit lidu gitta
cac vi xir 1y trong mach két ndi. Vi du trong bai toan diéu khién dén giao thdng c6
hd tro cong cu kiém tra chay bong dén, gia sir co bong dén chay thi hé thong dén
giao thong bi nhiéu loan dan dén 1am 14n viéc diéu khién phuong tién.

Bing BE
dén

Viéc truyén dir liéu gilta cac nut cho phép xir Iy tinh hudng trén, vi dy nhu dong
thoi tat cac dén cung bao 16i hé thong cho ngudi st dung.
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Thi gian

Tuan tu thoi gian diéu khién den tin hi¢u

Clock
A\ 4
Master Slave 1 Slave 2 Slave n
Xac nhan Xac nhan Xac nhan
«— «— «—
>

Nhip thong bao tir Master dén Slave

Ngoai ra viéc truyén dir li¢u tur tram Slave vé Master, con cho ta 1 kha nang xac
nhan dir liéu dong b tir tram Slave.

Data for S1 From S1 Data for S2 From S2
Tick ACK Tick ACK
message message message message |
Master Tick

Cubi cung ta xem xét kha nang kiém tra va xac dinh 13i trong cac truong hop :
- Ldi truyén thong bao gdm 15i do cap, thiét bi thu phat, dau ndi,...
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- LAbi tai tram chu Master
- Ldi tai tram trd Slave

Hé thong diéu khién dén c6 su cb do dut dudng truyén

Co ché kiém tra tai tram chia nhu sau:
Tram chii van phai nhan dugc thong bio xac nhan (ACK message) tir mdi tram trd
(Slave) twong tmg véi khoang thoi gian nhat dinh, vi du qua trinh kiém tra cta 1
tram chu va 10 tram tré nhu sau:
- Tram chu giit 1 thong bao dong bd cho tat ca cac nat trong mang véi chu ky
vi du 1a 1ms, thong bao cho cac tram tré vo1 chu ky 10ms (cac Iénh hodc cac
dir liéu cho tram tr¢ riéng biét).
- MBOi tram tré giit 1 thong bio xac nhan vé tram chu chi khi nhan dugc dir
liéu tuwong ing vai no (ID).
Co ché kiém tra 13i tai tram t&:
Tuong tmg v6i 1 chu ky nhat dinh tai tram trd von phai nhan duoc théng béo tir
tram chil néu khéng c6 s& chuyén sang chuong trinh xtr 1y hoi.
Co ché xir Iy 16i tai tram t&.
Khi phat hién ra 1 16i, tai tram tr& van xir Iy nhu sau:
- Tram tr¢ s€ khoi dong lai
- Tram tré s€ ¢ trang théai nhan cho dén khi nhan duoc 1énh “Start” tir tram
chu.
Co ché xir Iy 13i tai tram chu.
- Chuyén sang trang thai bao vé va dung truyén dit liéu 1én mang: day 1a giai
phap don gian, viéc ding truyén dir lidu tir master s& lam cho tat ca cac nut
Slave khéi dong lai va no sé chuyén sang trang thai nhan dir liéu. Viéc
truyén dit liéu duoc khoi phuc khi tai tram Slave khoi dong lai xong.
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Kho1 dong lai mang béng cach khéi dong lai tram master.
Khi mdt tram trd bi 161 , thay bang khéi mang ta s& chay mot khéi du phong.

2. Phuong phap dong bo thoi gian st dung ngat ngoai.

Tram Master s€ tao ra 1 xung dong by dugc ndi vao ngat ngoai cua tram tré Slave.

Phuong phap nay kha hiéu qua va don gian giam kich thuéc bd nhg, phan ctng

phu tro va khong str dung nhiéu tai nguyén ctia CPU. Mot s dic diém cia dang

nay:

Dung chuong trinh don nhiém

Mang bao gdm 1 Master va n Slave (n > 1)

Master can st dung manh dao dong chinh xac cao, va véi mdt chu ky lan
luot gitr cho cac Slave cac ban thong bao.

Cac Slave s& hoat dong cin ctr vao ngat tic dong tir Master va khong sir
dung Timer bén trong dé diéu hanh su hoat dong cua cac tac nghiép trong
ban danh sach.

MGdi 1 Slave c¢6 1 WatchDog Timer dé kiém tra 1i tir Master

Ngoai ra, da s6 h¢ thong s dung nguyén tac két ndi dung ngat c6 dac diém sau:

Tram chu s€ doi 1 xac nhan tur

mdi tram tré sau nhitng thong

Master Px0 Int0

bao duoc gui di. Nhu vay, mdi
slave xac nhan 1 lan tuong ung Px1 | ACK

nhitng thong bao. Px2

Thoi gian tré 16n nhét, trude

Int0

khi slave xac nhan mat duong

trUyén tir master bﬁng it nhat 2 K Slave 2

chu ky cua tung thong bao tu
master. (thoi gian nay s€ dugc
cai dat béi1 bd WatchDog Timer
cua Slave). ack | Slave3
Thoi gian tré 16n nhat, trudc

Int0

khi master xac nhan mat duong
truyén tir cac slave bang mot chu ky truyén thong béo.
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- Thoi gian tré 16n nhét, trude khi master xac nhan mat dudng truyén tir 1
slave cu thé bang nhitng chu ky truyén thong bao.
Dé truyén thong bao tir master sir dung 1 ngit Timer dé thay ddi trang thai cua 1
cong dau ra ctia Master.
Nhan tin hiéu déng bo sur dung ham ngét ngoai cua tram té.

3. Phuong phap dong b thoi gian sir dung UART.
Pic diém cua phuong phap nay st dung kénh truyén thong UART dé dong bo thoi
gian va dir liéu, trong d6 ddng bo dir liéu 13 mot trong nhitng vu thé cia phuong
phap nay.
Ciing twong ty nhu phuong phép trén & tram chu sir dung 1 bd tao xung nhip dong
bo dé gtri tin hi¢u cho tram trd theo 1 chu ky nhét dinh.
O tram tr& Slavde duoc diéu hanh hoat dong thong qua lénh dong bd nho ngat
truyén thong nhén tir tram chu.
Co ché hoat dong nhu sau:

- Tai tram chu, xay dung 1 ngét Timer truyén tin hiu déng bo va dir licu:
Void MASTER — Update Timer (Void) interrupt function

- Tai tram chu c6 1 ham ngit truyén thong, sau khi thuc hién xong s& giir 1
thong bao xac nhan vé tram chi.
Void SLAVE — Update (void) interrupt function.

CAu truc cta thong bao:
- Mdi mdt Slave c6 1 ID riéng c6 ma tir 0x00 dén Oxff
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- MBObi mét nhip truyén théng bao tir Master co 2 byte, byte dau tién 1a byte
chiu chu “Address byte” chia ID cua Slave vira truyén byte thir 2 13 byte
thong bao chura dir li€u cua thong bao.

- Tt ca cac Slave s& sir dung ham ngat dé nhan ting byte ciia nhip truyén
thong.

Chi c6 Slave c6 ma ID tring v6i ID chia trong byte tram chu. Cac nhip truyén

thong s& phan hdi lai Master. Dit liéu phan hdi nhit 14 sy x4c nhan thong bao

cua Slave do.

- MJdi thong bao xac nhan tir Slave ciing c6 2 byte. Byte dau 1a byte tram chu
chtra ID cua Slave, byte thir 2 13 byte thong bao chia dit liéu phan hoi vé
Master.

- Vi dir liéu thong bao 16n hon 1 byte thi can sir dung k¥ thuat truyén thong
bao.

Eslave tick (UART)

Tick ACK Tick ACK Tick
Message Message Message Message Message ACK
Message
Address-S1  Address-S1 Data for S1 Data for S1 Address S2  Address-S2

i

Master tick (Timer)

f

f

Khi thiét ké can luu ¥ quan hé gita téc do truyén v6i dung luong dit liéu (Data

message) va tong sO nut truyen.
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