VYSOKE
UCENI

ST

@ S ( A)
FAKULTA Uaw
ELEKTROTECHNIKY

A KOMUNIKACNICH
TECHNOLOGII

MPOR

Prekladac¢ Cx51 -l

Pavel Kucera



(E’ | MPOR - Il

Jazyk C — shrnuti zakladnich pojmu

switch

switch (int expression) {
case valuel : statement 1; break;

case valuel : statement N; break;
default : statement def; break;

break vzdy ukoncuje nejvnitinéjsi smycku !
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Priklad

Action
No. | Name PI P21 SI
0 STOP 0 0 0
1 FAST 1 1 0
2 SLOW 1 0 0
3 ERROR | 0 0 1

int main () {

state = 0;

do {
ReadSensors () ;
switch (state) {

case 0: ActionsInState 0
case 1: ActionsInState 1
case 2: ActionsInState 2
case 3: ActionsInState 3

4

; ConditionsInState O
; ConditionsInState 1
; ConditionsInState 2

()
()
()
()7 ConditionsInState 3

default: ActionsDefault(); ConditionsDefault();

}

WriteActuators () ;

}
while (1);
return 0;

(
(
(
(

)
)
)
)
b

4

; break;
; break;
; break;
; break;
reak;
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void ActionsInState 0()

P1 = 0;
P2 = 0;
S1 = 0;

}

void ActionsInState 1()

Pl = 1;
P2 = 1;
S1 = 0;

}

void ActionsInState 2()

P1 = 1;
P2 = 0;
S1 = 0;

}

void ActionsInState 3()

P1 = 0;
P2 = 0;
S1 = 1;

}
void ActionDefault ()

P1 = 0;
P2 = 0;
S1 = 1;

MPOR - I

Priklad

void

void

void

void

void

ConditionsInState 0() {

if
if
if
if

(L1 && L2) state =0
'L1 && L2) state =

N W e
T

11.2) state ;
11.2) state = 1;

ConditionsInState 1() {

if
if
if
if

(L1 && L2) state = 0;
L1 && L2) state = 3;

11.2) state = 2;
11.2) state = 1;

ConditionsInState 2 () {

if
if
if
if

(L1 && L2) state = 0;
.1 && L2) state = 3;
2

11.2) state = 2;
11.2) state = 1;

ConditionsInState 3 () {

if
if
if
if

(L1 && L2) state = 3;
.1 && L2) state = 3;
3

11.2) state = 3;
11.2) state = 3;

ConditionsDefault () {

state =

-
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Jazyk C — shrnuti zakladnich pojmu

goto

goto label;

label:

Prikaz goto se ve spravné strukturovanych programech vyskytuje velmi
zfidka. Nicmeéné ve zvlastnich pripadech umozni rychly odskok do jiné
casti dekdédovaci rutiny - zejména v obsluhach preruseni a ovladacich

zarizeni.
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CE xternal Interrupt O>

v
index = 0; received =0
duration = 0;

>
>

>

A4
| duration ++ |

! YES
CGoto TIMEOUT)

NO
T Log 0"
NO
Store[index]
= duration
index ++
duration = 0 <€ >
v 1,778 ms

| duration ++ |

l YES
NO

NO

CGoto TIMEOUTD

Store[index]
= duration

index ++
duration = 0

Log,,1”

o S
< rd

1,778 ms
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bit
Mtze byt vyuzit:
» pfi deklaraci proménné,

* jako argument funkce,
» jako navratovy parametr funkce (krom nékterych pfipadd, viz dale).

Pr..

static bit flag = 0;

bit bit or(bit a, bit b) {
bit flag;

flag = a
return flag;

-
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Prekladac¢ Cx51

bit

Proménné typu bit jsou ulozeny v
bitovém segmentu interni pameéti
procesoru - pamét bdata (20-2F)h.

Rozsah je tedy 16x8=128 bit. {

Funkce, které zakazuji preruseni a
funkce, které jsou explicitné
deklarovany pro pouziti s urcCitou
registrovou sadou NEMOHOU
vracet typ bit.

/»

IRAM
Address

FFh

SPECIAL FUNCTION REGISTERS
128 Bytes

Description

Reg. bank 2
Reg. bank 3
Bits 00h-3Fh
Bits 40h-7Fh

GENERAL
IRAM

Nelze deklarovat pointer na bit a nelze deklarovat pole bitu:

bit *b pointer; /*CHYBA!*/
bit pole[10]; /*CHYBA! */

>
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Bitové adresovatelné proménné

Proménne, ktere lezi v interni paméti procesoru v oblasti bdata, jsou
bitové pristupné.

Nelze deklarovat funkci vracejici typ bdata.
Pf..

int bdata store; /*bitové pristupny int*/
char bdata field[4];/*bitové pristupné pole*/

[*CHYBA!*/
bdata sum(int a, int b) {

}

‘ Uan'’s
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Prekladac¢ Cx51

sbit
int bdata store;
char bdata field[4];
sbit nejnizsi bit store = store ©~ 0;

sbit nejvyssi bit store store © 15;

sbit field05 = field[0] *~ 5;

/»
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Vyraz za operatorem * musi byt konstanta ve spravném rozsahu.
POZOR! Mimo deklaraci znamena operator * XOR!

Prekladac¢ Cx51

MPOR - I

sbit

Platné rozsahy bitového pristupu:

typ A'min | » max
char 0 7
unsigned char 0 7
int 0 15
unsigned int 0 15
short 0 15
unsigned short 0 15
long 0 31
unsigned long 0 31

/»
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sbit
int bdata store;
char bdata field[4];
sbit field05 = field[0] ©~ 5;
sbit nejnizsi bit store = store "~ 0;
sbit nejvyssi bit store = store © 15;
field0O5 = 0; /*nastavi 5. bit ve field[0] do nuly*/
field[5] = 88; /*bajtovy pristup*/
field[3] = ‘A’; /*bajtovy pristup*/
store = 0xFFAA /*dvoubajtovy pristup*/

nejvyssi bit store = 1; /*nastavi 15. bit ve store do jednicky*/
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sfr

Specialni funkéni registry okupuji oblast 0x80 az OxFF v interni paméti
procesoru - SFR.

[ET accass

Address [ 1 2 3 4 5 G Address
Fah FFh

an ¢ 4  f § ] ] ] | Fih
E2h EFh
Ech ¢ ACC | | | [ ] | E7h
1 ¢ Likh
(1] I C7h

Ceh CEh

TZC0OMN | TZMOD | RCAPZL | RCAPZH | TLZ THZ
[

- 1 ] [ ]

Blh P3
AEh IENL |
Allh
G8h SCON [ ]
Gih P1 [ ]
aeh TCON | TWoD | TC0 TC1 THO | .
2ih Tl P OFC | OFH
Kay:

R051 sories

BOEZ saries

B A TR0CS1ED2/RDZ saries

nat in use



sfr
sfr
sfr
sfr
sfr
sfr
sfr
sfr

PO
P1
P2
P3
PSW
ACC

SP

regd1.h

at89x51.h
89¢c51rd2.h

= 0x80;
= 0x90;
= 0xAO0;
= 0xBO;
= 0xDO;
= O0xEO;
= 0xFO;
= 0x81;
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sfr/sfrlé

/*Timer 2: T2L:T2H, 0xCC:0xCD*/
sfrle TL2 = 0xCC;

/*R2CAPL:R2CAPH, OxCA:0xCB*/
sfrl6 RCAP2= 0xCA;

- standard 8051
- série 89C51
- pro typ AT89C51 RD2 & ED2

\DZIN\APP\EVERYONE\WYUKA\KUCERA\MPOR\AT89C51 RD2 ED2\AT89C51 RD2 ED2.pdf

/»
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sbit a sfr

SFR které lezi na adrese délitelné 8 jsou bitové pristupné pomoci typu
sbit.

Pokud chceme ziskat adresu bitu, ktery lezi ve SFR, ktery je bitovée
pristupny, staci pfiCist k bazové adrese pfislusného SFR bitovy offset.

7 6 5 4 3 2 1 O

A4
Pr - CY | AC| FO | RS1 | RSO | OV | F1 P
A A A A A A A A
CARRY FLAG — —— PARITY OF ACC
RECIVES CARRY OUT SET BY HARDWARE TO
FROM BIT 1 OF ALU 1 IF ACC CONTAINS AN
OPERANDS ODD NUMBER OF Is,
OTHERWISE IS RESET
AUXILIARY CARRY FLAG ———— TO 0
RECEIVES CARRY OUT
FROM BIT 1 OF ADDITION - USER DEFINABLE
OPERANDS FLAG
P SW . 0 X D O GENERAL PURPOSE OVERFLOW FLAG
" STATUS FLAG SET BY ARITHMETIC
OPERATIONS

Ca ry:. OxD0+7=0xD7 REGISTER BANK REGISTER BANK

SELECT BIT 1 SELECT BIT 0



sfr
sfr
sbit
sbit
sbit

PSW =
= 0xA8;

= PSW ©~ 2;
= PSW ~ 7;
= IE ~ 7;

IE
oV
CY
EA

MPOR - I

Prekladac¢ Cx51

sbit a sfr

Varianta 1:

sfr_name # int_constant

0xDO;

/»
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sbit a sfr

Varianta 2:

int_constant #* int_constant

PF.:
sbit OV = 0xD0 ©~ 2;
sbit CY = 0xD0O ©~ 7;

sbit EA = 0xA8 ©~ 7;

/»
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Pr.:

sbit OV
sbit CY
sbit EA

= 0xD2;
= 0xD7;
= (OxAF;

MPOR - I
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sbit a sfr

Varianta 3:

int_constant

/»
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Deklarace funkci

[return type] funcname([args]) [ {small|compact|large}]
[reentrant] [interrupt n] [using n]

Pr.:

int calc(char i, int b) large reentrant;
int plus(int 1, float f) large;

void service(void) using 3;

void timer0O (void) interrupt 1 using 3;

-
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Predavani parametrui pres registry

#pragma REGPARMS
#pragma NOREGPARMS

Standardné se predavaiji pres fixni pamét (nikoliv zasobnik).
Az tfi parametry mohou byt pfedany pomoci registri RO...R7.

/»

No. char, 1-byte ptr int, 2-byte ptr long, float generic ptr
1 R7 R6&R7 R4-R7 R1-R3
2 R5 R4&R5 R4-R7 R1-R3
3 R3 R2&R3 R1-R3
Pozn.:

Pokud je ve funkci pouzit jako prvni parametr typ bit, pak jsou vSechny
parametry predany pres pamet! Typ bit je proto vhodné psat jako

posledni.

>
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Navratovy parametr funkce

Vzdy jsou vyuzity registry RO...R7.

Type Register Note
bit Carry Falg
char, unsigned char, 1-byte ptr R7
int, unsigned int, 2-byte ptr R6&R7 MSB in R6, LSB in R7
long, unsigned long R4-R7 MSB in R4, LSB in R7
float R4-R7 IEEE 754
generic ptr R1-R3 R3 - type, MSB in R2, LSB in R1
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Registrové banky & funkce

v . IRAM
Pr- . Address

Description

Reg. bank 0

Reg. bank 2

void int0O (void) using 3
Reg. bank 3

{

lcy |ac [ Fo [Rrsi|rso|ov | F1 | P |
F Y Fy b F 3 F Y Fy

CARRY FLAG J PARITY OF 4CC
RECIVES CAREY OUT SET BY HAEDWARETO
FEOM BIT | OF ALU 1 I[F ACC CONTAING AN
OPERANDS ODD HUMEBER OF 15,
OTHERWIZE I RESET
AUEILIARY CARRY FLAG ——— T 0
RECEIVES CARRY OUT
FECM EIT 1 OF ADDITION | USERDEFDNABLE
} OPERANIE FLAG
GENERALFURPOSE —4——— L OVERFLOWTFLAG
STATIE FLAG SETEY ARITHMETIC
OFERATIONS
FEGISTER BANK REGISTER BANK
SELECTEIT! SELECTEITD

* Volitelné pres PSW.

« Parametr banky musi byt konstanta v rozmezi 0...3.

« Neni povoleno v prototypu funkce.

« Cx51 nekontroluje kolizi pfi volani funkci se stejnymi reg. bankami!
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Volani funkci - priklad

bit alarm;

int n alarm;

extern void funcl (bit b0);

extern void func2 (char c, int 1);

extern void func3(bit b0, char ¢, int 1i);

void falarm(void) using 3 {
n alarm ++;
funcl (alarm = 0);
func2('a', 0x1155);
func3(0, 'a', OxAABB);

/»
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Volani funkci - priklad
1 #pragma REGPARMS IASSEMBLY LISTING OF GENERATED OBJECT CODE
2
3 bit alarm;
4 int n—alarm; 0000 CODO ’ FUNCTIONPS:éarm éE;GIN)
> extern void funcl(bit b0); , 0002 75D018 MOV PSW, #018H
9 extern void func2 (char ¢, int 1i); . SOURCE LINE # 9
7 extern void func3(bit b0, char ¢, int i); : SOURCE LINE # 10
8 0005 0500 R INC n_alarm+01H
9 void falarm(void) using 3 { 0007 E500 R MOV A,n _alarm+01H
10 1 n alarm ++; 0009 7002 JINZ ?2C0002
11 1 fancl(alarm = 0); 000B 0500 R INC n_alarm
12 1 func2('a', 0x1155); 000D ?C0002: COURCE LINE # 11
) ) - r
12 1 func3 (0, 'a', OxAABB); 000D C3 CIR c
} 000E 9200 R MOV alarm, C
(IC51 COMPILER V7.00 Beta 6 REGBANK 0010 9200 E MOV ?funcl?BIT,C
0012 120000 E LCALL funcl
; SOURCE LINE # 12
0015 7D55 MOV R5, #055H
0017 7cC11 MOV R4,#011H
0019 7Fo6l MOV R7,#061H
001B 120000 E LCALL _func2
; SOURCE LINE # 13
001E C200 B CLR ?2func3?BIT
0020 750061 E MOV ?2func3?BYTE, #061H
0023 7500AA E MOV ?func3?BYTE+01H, #0AAH
0026 7500BB E MOV ?func3?BYTE+02H, #0BBH
0029 120000 E LCALL func3
; SOURCE LINE # 14
002C DODO POP PSW
002E 22 RET
; FUNCTION falarm (END)
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Prerusovaci systém

HIGH PRIORITY
INTERRUPT

iNTo, ]

O—

TFO

INTL A

oO—

TF1

PCA

RI

EXFo—>]

KBD

SN N
TI—) )
TF2 —— )\

SPI

INDIVIDUAL
ENABLE

GLOBAL ENABLE

O \NWO \WO WO \WO \WO \WO \WO \WO \W

Y

Y

Y

y

LOW PRIORITY INTERRUPT

No. Interrupt Internal Interrupt Note
Source Peripheral Vector
Module (Vector
Address)
0 RESET Reset 0000h NMI
1 INTO External 0003h IRQ
input signal
2 TFO Timer 0 000Bh IRQ
3 INT1 External 0013h IRQ
input signal
4 TF1 Timer 1 001Bh IRQ
5 RI/TI UART 0023h IRQ
6 TF2/EXF2 Timer 2 002Bh IRQ
7 PCA Programmabl 0033h IRQ
e Counter
Array
8 KBD Keyboard 003Bh IRQ
9 0043h
10 SPI SPI 004Bh IRQ
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Zdroje preruseni

-

Uan'’s
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Interrupt Number Interrupt Source Internal Peripheral Module Interrupt Vector (Vector Note
Address)

X RESET Reset 0000h NMI

0 INTO External input signal 0003h IRQ

1 TFO Timer 0 000Bh IRQ

2 INTI External input signal 0013h IRQ

3 TF1 Timer 1 001Bh IRQ
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Obsluha preruseni

void function(void) interrupt n {

}
Argument n mize byt v rozsahu 0...31.
Argument n musi byt konstanta.

Cinnost:

1. SFR ACC, B, DBH, DPL a PSW jsou ulozeny do zasobniku (je-li to
potfeba).

2. VSechny pouzité registry R jsou ulozeny do zasobniku — pokud
neni stanovena registrova banka kliCovym slovem using.

3. Po ukonceni obsluhy jsou SFR a Registry obnoveny ze zasobniku.

4. Je zavolana instrukce RETI.

/»
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void timer0_ 1 (void)
int a,b;

long 1;

n_alarm = l*a+b;

}

interrupt 1 {

; FUNCTION timer(O_1 (BEGIN)

0000
0002
0004
0006
0008
000A
000D
000F
0011
0013
0015
0017
0019
001B

001D
001F
0021
0022
0023
0025
0026
0027
0029
002B
002D
002F
0032
0034
0035
0037
0039
003Aa

003C
003E
0040
0042
0044
0046
0048
004A
004cC
004E
0050
0052
0054
0056

COEO
COFO
Cc083
Cc082
CODO
75D000
Cc000
Cc001
Cc002
Cc003
Cc004
C005
C006
Cc007

AEQO
AF00
EE
33
95E0
FD
FC
ABOO
AAO0O
A900
A800
120000
E500
2F
F500
E500
3E
F500

D007
D006
D005
D004
D003
D002
D001
D000
DODO
D082
D083
DOFO
DOEO
32

PUSH
PUSH
PUSH
PUSH
PUSH
MOV

PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH

R MOV
R MOV
MOV
RLC
SUBB
MOV
MOV
MOV
MOV
MOV
MOV
LCALL
MOV
ADD
MOV
MOV
ADDC
R MOV

SR e3> Sl s B S S

o m

POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
RETI

ACC
B
DPH
DPL
=)
PSW, #00H
ARO
AR1
AR2
AR3
AR4
AR5
AR6
AR7

R6,a
R7,a+01H
A,R6

A

A,ACC
R5,A
R4, A
R3,1+03H
R2,1+02H
R1,1+01H
RO, 1
?C?LMUL
A,b+01H
A,R7

; SOURCE LINE # 16

n_alarm+01H,A

A,
A,R6
n_alarm, A

AR7
ARG6
AR5
AR4
AR3
AR2
AR1
ARO
pPSwW
DPL
DPH
B

ACC

; FUNCTION timerO_1 (END)

; SOURCE LINE # 21

-
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void timer(0 2 (void)
int a,b;

long 1;

n _alarm = l*a+b;

}

interrupt 1 using 2 {

; FUNCTION timerO 2 (BEGIN)

0000 COEO PUSH ACC

0002 COFO PUSH B

0004 C083 PUSH DPH

0006 C082 PUSH DPL

0008 CODO PUSH PSW

000A 75D010 MOV PSW, #010H
; SOURCE LINE # 16

000D AEOQO R MOV R6,a

000F AFO0O0 R MOV R7,a+01H

0011 EE MOV A,R6

0012 33 RLC A

0013 95EO0 SUBB A,ACC

0015 FD MOV R5,A

0016 FC MOV R4,A

0017 ABOO R MOV R3,1+03H

0019 AAOQO R MOV R2,1+02H

001B A900 R MOV R1,1+01H

001D A800 R MOV RO, 1

001F 120000 E LCALL ?C?LMUL

0022 E500 R MOV A,b+01H

0024 2F ADD A,R7

0025 F500 R MOV n_alarm+01H,A

0027 E500 R MOV A,b

0029 3E ADDC A,R6

002A F500 R MOV n_alarm,A
; SOURCE LINE # 21

002C DODO POP PSwW

002E D082 POP DPL

0030 D083 POP DPH

0032 DOFO POP B

0034 DOEO POP ACC

0036 32 RETI

-
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Obsluha preruseni

Vstupni parametry funkce preruSeni musi byt prazdné.

Navratovy parametr z funkce pferuseni musi byt void. Implicitni
navratovy typ int je prekladacem ignorovan.

Preklada€ nedovoli pfimé volani funkce preruseni z programu.

PrekladaC generuje vektor preruseni automaticky — lze zabranit z
prikazové radky direktivou NOINTVECTOR.

Pozor na volani funkci z preruSeni, které nepouzivaji stejnou
registrovou banku.

/»
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Reentrantni funkce

type function(arg) reentrant

¥
Pr.:

int sum(char 1,
int x;

X = table[i];
return (x*Db);

}

int b) reentrant {

/»
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Reentrantni funkce

Nepodporuji typ bit.

Mohou byt definovany v prisluSném pameétovém rezimu (small,
compact, large)

Mohou byt interrupt.

Mohou pouzivat konkrétni registrovou banku — using.

-
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memchr
memcmp
memcpy
memmove
memset
toascii
toint
tolower
Ltoupper
abs
cabs

MPOR - I
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Reentrantni funkce

labs
fabs
rand
getchar
puts
strchr
strcmp
strcpy
strlen
strpos

/»
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Optimalizace proménnych

20 char c;

21 c = 0;

22 while(!c) {
23

24 }

; SOURCE LINE # 21
;————- Variable 'c' assigned to Register 'R7' ----

0000 E4 CLR A
0001 FF MOV R7, A
0002 ?2C0001:
; SOURCE LINE # 22
0002 EF MOV A, R7
0003 60FD JZ ?2C0001

; SOURCE LINE # 24
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volatile

20 volatile char c;
21 c = 0;
22 while(!c) {
23
24 }
; SOURCE LINE # 21
0000 E4 CLR A
0001 F500 R MOV c,A
0003 2C0001:
; SOURCE LINE # 22
0003 E500 R MOV A, cC
0005 60FC JZ 2C0001
; SOURCE LINE # 24




