




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Error Messages
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MCS-51

Control Error Messages

Control errors are announced when something is wrong with the invocation line or a
control line in the source file. In general, command language errors are fatal, caus-
ing ASMS51 to abort assembly. However, the errors listed below are not considered
fatal. S

Control Error Messages

400
401
402
403
406
407
408
409
410
M
413
414
415

MORE ERRORS DETECTED NOT REPORTED

BAD PARAMETER TO CONTROL

MORE THAN ONE INCLUDE CONTROL ON A SINGLE LINE
ILLEGAL CHARACTER IN COMMAND

TOO MANY WORKFILES—ONLY FIRST TWO USED
UNRECOGNIZED CONTROL OR MISPLACED PRIMARY CONTROL: <control>
NO TITLE FOR TITLE CONTROL

NO PARAMETER ALLOWED WITH ABOVE CONTROL
SAVE STACK OVERFLOW

SAVE STACK UNDERFLOW

PAGEWIDTH BELOW MINIMUM, SET TO 80

PAGELENGTH BELOW MINIMUM, SETTO 10

PAGEWIDTH ABOVE MAXIMUM, SET TO 132
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Error Messages

Special Assembler Error Messages

These error messages are displayed on the console. They are displayed immediately
before the assembler aborts operation. You should never receive one of these errors;
if you should encounter this type of error notify Intel Corporation via the Software
Problem Report included with this manual. The content of all output files will be
undefined. A list of all of the special assembler error messages is shown below: -

Special Assembler Error Messages

800 UNRECOGNIZED ERROR MESSAGE NUMBER

801 SOURCE FILE READING UNSYNCHRONIZED

802 INTERMEDIATE FILE READING UNSYNCHRONIZED
803 BAD OPERAND STACK POP REQUEST

804 PARSE STACK UNDERFLOW

805 INVALID EXPRESSION STACK CONFIGURATION

J-5
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Fatal Error Messages

This type of error causes the assembler to cease normal processing and produce only

the listing.

900
901
902
903
904

USER SYMBOL TABLE SPACE EXHAUSTED
PARSE STACK OVERFLOW

EXPRESSION STACK OVERFLOW
INTERMEDIATE FILE BUFFER OVERFLOW
USER NAME TABLE SPACE EXHAUSTED

Invocation Line Error Messages

Invocation line errors cause the assembler to abort execution.

NO SOURCE FILE FOUND IN INVOCATION
UNRECOGNIZED SOURCE FILE NAME
ILLEGAL SOURCE FILE SPECIFICATION
SOURCE TEXT MUST COME FROM A FILE
NOT ENOUGH MEMORY

__AND__FILES ARE THE SAME

BAD WORKFILES COMMAND

BAD WORKFILES SYNTAX

BAD PAGELENGTH

BAD PAGEWIDTH

PAGELENGTH MISSING A PARAMETER
PAGEWIDTH MISSING A PARAMETER

DATE MISSING A PARAMETER

CANNOT HAVE INCLUDE IN INVOCATION
EOL ENCOUNTERED IN PARAMETER
COMMAND TOO LONG

ILLEGAL CHARACTER IN INVOCATION
UNRECOGNIZED COMMAND : <control name>
NO PARAMETER ALLOWED WITH control
TITLE MISSING A PARAMETER

TOO MANY RESTORES

NO PARAMETER GIVEN FOR ‘‘REGISTERBANKS”
ERROR IN PARAMETER LIST FOR “REGISTERBANKS”’

MCS-51



APPENDIX K
CHANGING ABSOLUTE PROGRAMS
- TO RELOCATABLE PROGRAMS

The program example on the following pages illustrates an absolute program written
to run on any member of the MCS-51 family of single-chip processors. This pro-
gram includes two simple ASCII-binary conversion routines and a set of output
routines.

The structure of this sample program can be examined and contrasted to the sample
modular program shown in Appendix G.

MCS=31 MACRO ASSEMBLER PAGE

ISIS=-II MCS-51 MACRD A3SSEMBLER V1.0
NO OBJECT MCDULE REQUESTED
ASSEMBLER INVOKED BY: ASMS1 :F1:SAMPLE.AS1 NOOJ

LoC 023J LINE SCURCE
1 CSEG
0883 2 ORG 33000
3 s STRING DEFINITIONS
JBB8 54595045 4 TYPC_MSG: db °“TYPE AX T2 RETYPE A NUMBER’,00H

0BBC 2J5E5820

0BCC 544F2052

08C4 45545950

08C8 45204120

03CC 4ES554D42

0800 4552

J802 00 E

J3D3 54595045 5 NUM1_MSG: db °TYPE IN FIRST NUMBER: °,00H
0BD7 20494£20

0808 46495253

080F 54204E55

0BE3 4D424552

J3E7 3a20

0BE9 00

03EA 54595045 6 NUMZ_MSG: db °“TYPE IN SECOND NUMBER: °,00H
JBEE 20494E20

J8F2 5345434F

03F6 4E44204F

03FA 55404245

08FE 523A2C

0C31 00

0C02 54484520 7 SUM_MSG: db °“THE SUM IS “,COM
0CJ6 53554020

0C0A 495320C

0C02 GO
8 ;
9 ;
10 CSEG
11 ; This is the initializing section. Execution always
12 ; starts at address 0 on power=up.
0000 13 CRG 0
0000 758920 14 mov TMOD,#001000008  set timer mode to auto-reload
0003 758003 15 mov TH1,#(=253) ; set timer for 110 BAUD
0006 759804 16 mov SCON,#110110108  prepare the Serial Port
0009 D28E 17 setb TR1 ; start clock
18 ;
19 ; This is the main program. It°s an infinite loop,
20 ; where each iteration prompts the console for 2
21 ; input numbers and types out their sum.
22 START:
23 ; type message explaining how to correct a typo
0008 900888 24 mov DOPTR,#typo_msg
000E 120065 25 call put_string
0011 12005a 26 call put_crlf
27 ; get first number from console
0014 900803 28 mov OPTR,#numl_msg

Figure K-1. Sample Absolute Program
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Changing Absolute Programs to Relocatable Programs

MCS-51

MCS=51 MACRZ ASSEMBLER

L3C o8y LINE SGURCE
0017 120065 29 call put_string
0014 120054 30 call put_crlf
0010 7830 31 mov RO,#num1
J01F 120080 32 call get_nunm
0022 123054 33 call put_crlf
34 ; 3et second number from console
0025 S00BEA 35 mov DPTR,%num2_msg
0028 120965 3¢ call put_string
J023 120054 37 call put_crlf
202¢& 7834 33 mov R0,%num?
Q033 1223083 39 call get_num
0033 120054 40 call put_crlf
1 s+ convert the ASCII numbers to binary
0030 7930 42 mov R1,%num1
0038 120090 43 call ascbin
0035 7934 L4 mov R1,8num?2
3932 120092 45 call ascbin
46 ; add the 2 numbers, and store the results in SUM
0040 £530 47 mov arnuml
0042 2534 48 add a,num?
0044 F53R2 43 mov sumsa
52 ; convert SUM from bhinary to ASCII
0046 7738 51 mov R1,#sum
J04& 1202C5 52 call binasc
53 ; output sum to console
0048 900C02 54 mov OPTR,4sum_msg '
Gdec 1200065 53 call put_string
0051 7938 56 mev R1,4sum
3053 7404 57 mov R2,44
0055 120370 53 call put_data_str
0358 8081 59 Jmp  start
o0 ;
- 61 DSES
0008 62 2RG 8
0208 ; 63 STaCK: ds 8 ; at power-up the stack pointer is
44 sinitialized to point here
65 ;
66 DSEG
0030 67 ORG 30H
0030 63 NUMT: ds &
0034 69 NUM2: ds &
0038 70 SUM: ds 4
71 ;
——— ' 72 CSES
73 7 This is the console I0 routine cluster.
74 ;
75 s This routine outputs a Carriage Return and
76 7 a Lina Feed
77 PUT_CRLF:
0000 78 CR equ O0DH ; carriage return
000a 79 LF equ O0AH ;7 line feed
80 ;
005A 7400 31 mov A,#cr
005C 120078 82 call put_char
005F 740A 83 mov A,#1f
0061 120078 84 call put_char
0064 22 85 ret
86 ;
87 7 Routine outputs a null-terminated string located
833 ; in CCDE memory, whos2 address is given in DPTR.
89 PUT_STRING:
0065 E&4 30 clr A
0066 93 91 movc A,RA+DPTR
0067 6006 92 jz exit
006% 1200378 9?3 call put_char
006C A3 94 inc DPTR
0060 8OF6 ¥5 jmp  put_string
96 EXIT:
006F 22 97 ret
98 ;
99 ; Routineg outputs a string located in DATA memory.,
100 ; whosz address is in R1 and its length in R2.
101 PUT_DATA_STR:
0070 &7 102 mov A,3R1

Figure K-1. Sample Absolute Program (Cont’d.)
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Changing Absolute Programs to Relocatable Programs

MCS=51 MACRO ASSEMBLER

PAGE 3

SOURCE

call put_char

inc R1

dinz R2,0ut_data_str
rat

;
; This routine outputs a single character to console.
+ The character is given in A,

PUT_CHaR:
Jab  TI,
clr TI
mov S3UF,A
ret

’
; This routina gets & 4 character string from console
; and stores it in memory at the address given in RO.
; If a AX is received, routine starts over again.
GET_NUM:

mov R2,#4 ; set up string length as 4

mov R1,00H ; RO value may be needed for restart
GET_LOOP:

call get_char
; Next 4 instructions handle “X=- the routine starts
; over if received
clr ACC.7" ; clear the parity bit
cjne A,#18H,GO_ON ; if not ~X- go on
call put_crlf
Jmp get_num

GG_ON:
mov 3R1,A
inc R1
djnz R2,get_loop
ret

;

; This routine gets a single character from console.
s The character is returned in A,
G

ET_CHAR:
jnb RI,3
clr RI
mov A,SBUF
ret

This section handles conversion from ASCII to binary
and back. The pinary numbers are signed one-byte
integers, i.e. their range is =128 to +127. Their
ASCII represantation is always 4 characters long-
1.e. a sign followed by 3 digits.

Ne Ne Ve Ne LN

ZERC EQU °0°
PLUS EQU “+°
MINUS EQU °=°
;
s This routine converts ASCII to binarye.
; INPUT- a & character string pointed at by R1. The
; number range must be =128 to +127, and the
; string must have 3 digits preceded by a sign.
; OUTPUT- a signed one-byte integer, located where
; the input string started (pointad at by R1).
ASC8IN:

mov R0O,201H ; R1 original value is needed later
; Compute first digit value, and store it in TEMP
TEMP equ K3

Lo 98y LINE
0071 120078 103
gd74 Q9 104
3075 DAF? 105
0077 22 106
107

138

109

110

0078 3099F0 111
0073 C299 112
0070 F599 113
007F 22 114
115

116

117

118

119

J080 TAD4 120
2082 A900 121
122

2084 120095 123
124

125

0087 C2E7 126
0089 B41804 127
008C 1154 128
008& 80FQ 129
130

0090 F7 131
0091 09 132
0092 DAFQ 133
0094 22 134
135

136

137

. 138

0095 3098FD 139y
0098 C298 140
0094 E599 141
039¢C 22 142
143

144

145

146

147

148

149

0030 150
0023 151
Qg2o 152
153

156

155

156

157

158

159

160

0090 A8D1 101
1562

REG 163
009F 08 164
0040 E6 165
00A1 C3 166
J0A2 9430 167
004« 75F064 148
0047 A4 1679
00a8 F8 172
171

0049 08 172
00AaaA E6 173
00aB 9430 174
004D 75F004A 175
0080 A4 176

inc RO

mov A,3R0
clr C

subb A,Hzero
mov 8,%130
mul AB

mov TEMP,A
Compute the second digit value
inc RQ

mov A,3R0
subb A,d4zero
mov B8,%10
mul A8

Figure K-1. Sample Absolute Program (Cont’d.)
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MCS=~51 MACRO ASSEMBLER PAGE '3
LCC 0oBJ LINE SOURCE
177 ; Add the value of the second digit to num.
0031 238 178 add A,TEMP
00B2 F8 179 mov TEMP,A
180 s get third digit and its value to total
0083 08 181 inc RO
0084 E6 182 mov A,3R0
0085 C3 183 clr C
0086 9430 184 subb Asfzero
0088 28 185 add A,TEMP
0089 F8 18¢ mov TEMP,A
187 ; test the sign, and complement the number if the
188 s sign is a minus
008A E7 189 mov A,3R1
0088 B42004 190 cjne A,#minuss,pos ;skip the next & instructions
191 ;if the number is positive
00BE €8 192 mov A,TEMP
00BF Fé& 193 cpl A
00C0 04 194 inc A
00C1 F8 195 mov TEMP,A
1396 ;
197 ; epilogue- store tha result and exit
198 pos:
00C2 ES8 199 mov A,TEMP
00C3 F7 200 mov IRT,A
00Cae 22 201 ret
202 ;
203 ; This routine converts binary to ASCII.
204 ; INPUT- @& signed one-byte integer, pointed at by R1
295 ; DUTPUT- a 4 character string, located where the
206 H input number was (pointed at by R1).
207 BINASC:
00€e7 208 SIGN bit ACC.7
209 ; Get the numpar, find its sign and store its sign
Q3Cs5 E7 210 mov  A,3R1
0QCe6 7723 211 mov 3R1,#plus ;store a plus sign (over-
E 212 suritten by minus if needed)
J0C8 30E70¢ 213 jnb signs,go_on? stest the sign bit
214 s Next 3 1nstructions handle negative numbers
0J3CB 7720 215 mov 2R1,#minus /store a minus sign
00CD 14 216 dec A
J0CE F& 217 cpl A
218 ; -Sactor out the first digit
215 G3_ONZ:
QaCF (9 220 inc R1
J030 75F084 221 mov B,2100
0003 84 222 div 4B
0004 2430 223 add A,Rzero
J0D6 F7 2¢4 mov  2R1,4 ;store the first digit
225 ; Factor out the second digit
0d07 09 226 inc R1
0008 ESFQ 227 mov A,5
000a 75F00A 225 mov 8,810
300D 34 229 div A3
00DE 2430 230 add As2zero
00EQ F7 231 mov. 3IR1,A /store the second digit
232 s Store tha third digit
J0E1 09 233 inc R1
JO0EZ2 E5FQ 234 mov A,8
00E4 2430 235 add Asdzero
Q0E6 F7 23¢ mov 2R1,4 ;store the third digit
237 ; note that we return without restoring R1
007 22 238 ret
239 ;
240 END

ASSEMBLY COMPLETE, NO ERRGORS FGUND

Figure K-1. Sample Absolute Program (Cont’d.)
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INDEX

A (accumulator), 1-12, 2-2
Absolute segments, 1-3
AC (auxiliary carry flag), 1-7, 1-13, 2-7
ACALL code address, 3-4—3-5, B-2,
B-9—B-13
ACC (accumulator), 1-12, 1-13, 1-14
see also, CALL, 3-24
LCALL, 3-69, 3-70
ADD
Arithmetic Function, 1-10
A #data, 3-6, B-2, B-9
A,@Rr, 3-7, B-2, B-9
A,Rr, 3-8, B-2, B-9
A.,data address, 3-9, B-2, B-9
ADDC
Arithmetic function, 1-10
A.#data, 3-10, B-2, B-9
A,@Rr, 3-11, 3-12, B-2, B-9
A,Rr, 3-13, B-2, B-9
A,data address, 3-14, B-2, B-9, B-10
Address, Data unit, 1-9, 1-10
AJMP code address, 3-15, B-2, B-9—B-12
see also, In-Block Jumps and calls, 2-8
JMP, 3-59
LIMP, 3-71
SIMP, 3-122
ANL )
Logical function, 1-10
A,#data, 3-16, B-2, B-10
A,@Rr, 3-17, B-2, B-10
A,Rr, 3-18, B-2, B-10
A,data address, 3-19, B-2, B-10
C,bit address, 3-20, B-2, B-11
C,/bit address, 3-21, B-2, B-11
data address ,#data, 3-22, B-2, B-10
data address A, 3-23, B-2, B-10
Arithmetic and Logic Unit, 1-7, 1-10
ASCII Characters
in strings, 2-10, 4-8
Codes, H-1
ASMS51 invocation, 1-4—1-6
Assembler, 1-1
Assembler (ASM51), 1-3
Assembler controls, 1-1
Assembler directives, 1-1, 4-1
Assembler State Controls 4-1, 4-10
Assembly-time expressions, 2-1
ATTRIBUTES, 7-20

B (multiplication register), 1-7, 1-12

Binary riumbers, expressing, 2-9

BITADDRESSABLE, 4-4

Bit addressing, 1-14, 2-1, 2-5—2-7

Bit address space, 1-8, 1-9, 2-6

Bit, Data unit, 1-7, 1-9

BIT directive, 2-1, 2-5, 2-11, 4-1, 4-5,
4-10, C-1

Bit selector (‘“.”’), 1-13, 2-5
BNF, A-1
Boolean Functions, 1-6
see also, ANL, 3-20, 3-21

CLR, 3-34, 3-35

CPL, 3-37, 3-38

JB, 3-53, 3-54

JBC, 3-55, 3-56

JC, 3-57, 3-58

JNB, 3-61, 3-62

JNGC, 3-63, 3-64

MOV, 3-79, 3-84

ORL, 3-106, 3-107

SETB, 3-120, 3-121
Bracket Function, 5-9, E-1
BSEG directive, 4-1, 4-11, C-1
Byte, Data unit, 1-7, 1-9

C,22
CALL code address, 3-24
seealso ACALL, 3-4, 3-5
LCALL, 3-69, 3-70
call-pattern, 5-2, 5-3, 5-5
Character strings in expressions, 2-10, 2-11,
4-8,4-9
see also ASCII, H-1
CINE
@Rr,#data address, 3-25, 3-26, B-3, B-12
A, #data ,code address, 3-27, 3-28, B-3,
B-12
A,data address ,code address, 3-29, 3-30,
B-3, B-12
Rr,#data,code address, 3-31, 3-32, B-3,
B-12
CLR
A, 3-33, B-3, B-12
C, 3-34, B-3, B-12
bit address, 3-35, B-3, B-12
Code Addressing, 2-1, 2-7, 2-9
Code address space, 1-8
CODE directive, 2-1, 2-11, 4-1, 4-3, 4-7,
4-10
Comment Function, 5-8, E-1
commercial at sign @, 2-3
conditional assembly, 5-2
Console 1/0 built-in macro, 5-18, E-1
Control line, 6-2, A-2
Conversion to Hexidecimal Format, 1-4
CPL
Logical Function, 1-10
A, 3-36, B-3, B-13
C, 3-37, B-3, B-11
bit address, 3-38, B-3, B-11
CSEG directive, 4-1, 4-11, C-1
CY (carry flag), 1-13, 2-7
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Index

DA (control) see DATE control
DA
Arithmetic function, 1-10
A, 3-39, B-3, B-12
Data Addressing, 2-4, 2-5
on chip, 2-1
Data address space, 1-8, 1-9
DATA directive, 2-1, 2-11, 4-1, 4-3, 4-6,
4-10, C-1
Data Pointer (DPTR), 1-10, 2-2
DATE control, 6-2, 6-4, D-1
DB (control) see DEBUG control
DB directive, 4-1, 4-8, C-1
DBIT directive, 4-1, 4-7, 4-8, C-1
DEBUG control, 1-3, 6-2, 6-4, D-1
Debugging, 1-2
DEC
Arithmetic function, 1-10
@Rr, 3-40, B-3, B-9
A, 3+41, B-3, B-9
Rr, 3-42, B-3, B-9
data address, 3-43, B-3, B-9
Decimal numbers, expressing, 2-9
DEFINE, 5-2—5-7, E-1
delimiters, 5-18—5-21
Directives
Assembler, 4-1—4-12, C-1
end of program, 4-10
location counter control, 4-7, 4-8
symbol definition, 4-3—4-7
DIV
Arithmetic function, 1-10
AB, 3-44, B-3, B-11
DINZ
Rr,code address, 3-45, B-4, B-12
data address ,code address, 3-46, 3-47,
B-4, B-12
dollar sign ($), 4-2
DPH, 1-7, 1-12
see also Data Pointer, 2-2
DPL, 1-7,1-12
see also Data Pointer, 2-2
DPTR see Data Pointer, 2-2
DS directive, 4-1, 4-7, C-1
DSEG directive, 4-1, 4-11, C-1
DW directive, 4-1, 4-8, 4-9, C-1

EA (Enable All Interrupts), 1-16, 2-7
EJsee EJECT
EJECT control, 6-2, 6-5, D-1
END directive, 4-1, 4-10, C-1
EP see ERRORPRINT control
EQS built-in macro, 5-12, 5-13, E-1
EQU directive, 4-1, 4-4, 4-5, 4-12, C-1
Error messages
Console, printed at
Fatal, 7-2
Internal, 7-2
170, 7-1
Listing file, printed in, 7-4—7-15
control, 7-13—7-14
Fatal, 7-15

Index-2
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macro, 7-10—7-12

source, 7-4—7-10

Special, 7-14
ERRORPRINT control, 6-2, 6-5, D-1
ES (Enable Serial port interrupt), 1-16, 2-7
ESCAPE macro function, 5-9, E-1
ETO (Enable Timer 0 interrupt), 1-18, 2-7
ET1 (Enable Timer 1 interrupt), 1-18, 2-7
EVAL built-in macro, 5-11, 5-12, E-1
EXO0 (Enable external interrupt 0), 1-18, 2-7
EXI1 (Enable external interrupt 1), 1-18, 2-7
EXIT built-in macro, 5-15, E-1
EXTIO, 1-16
EXTI1, 1-16
extensions of filenames, 1-4
External Data address space, 1-8
EXTRN directive, 4-1, 4-9, 4-10, C-1

FO, 1-7, 1-13, 2-7
function, built-in macro, 5-2

GE see GEN
GEN
control, 6-2, 6-6, D-1
general relocatable expressions, 2-16
Generic call, 2-9
Generic jump, 2-9
GENONLY
control, 6-2, 6-6, D-1
GES built-in macro, 5-12, 5-13, E-1
grammar, language, A-1
GO see GENONLY
GTS built-in macro, 5-12, 5-13, E-1
see also DATE, 6-4
TITLE, 6-12

hardware, 1-6
Hexadecimal, 2-9

IC see INCLUDE control
IDATA Directive, 2-1, 2-4, 2-11, 4-1, 4-3,
4-6,4-10
IDATA space, 2-3
IE (Interrupt Enable), 1-7, 1-12, 1-15, 1-16,
1-18
IEO (Interrupt 0 Edge flag), 1-14, 2-7
1E1 (Interrupt 1 Edge flag), 1-14, 2-7
IF (built-in macro), 5-13, 5-14, E-1
Immediate Data(#), 2-1, 2-3
INBLOCK, 4-4
In-Block Jumps, 2-8
IN built-in macro, 5-18, E-1
INC
Arithmetic function, 1-10
@Rr, 3-48, B-4, B-9
A, 3-49, B-4, B-9
DPTR, 3-50, B-4, B-11
Rr, 3-51, B-4, B-9
data address, 3-52, B-4, B-9

—
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INCLUDE control, 6-3, 6-6, D-1
Indirect addressing (@), 1-9, 2-1, 2-2, 2-3
INPAGE, 4-4
instruction cycle, 1-7
INTO (Interupt O input pin), 1-15, 2-7
INT1 (Interupt 1 input pin), 1-15, 2-7
Internal data address space,
directly addressable, 1-8
indirectly addressable, 1-8
interrupt
control, 1-15—1-17
priority, 1-6
invocation line, 6-1
invocation line errors, 7-1, 7-2, 7-3
170 port, 1-6
1P (Interrupt Priority), 1-7, 1-12, 1-15, 1-16
ISEG, 4-1, 4-11
ITO (Interrupt 0 Type control bit), 1-14, 2-7
IT1 (Interrupt 1 Type control bit), 1-14, 2-7

JB bit address ,code address, 3-53, 3-54,
B-4, B-9

JBC bit address ,code address, 3-55, 3-56,
B-4, B-9

JC code address, 3-57, 3-58, B-4, B-10

JMP code address, generic, 3-59

JMP @A+DPTR, 3-60, B-4, B-10

JNB bit address ,code address, 3-61, 3-62,
B-4, B-9 ’

JNC code address, 3-63, 3-64, B-4, B-10

JNZ code address, 3-65, 3-66, B-4, B-10

JZ code address, 3-67, 3-68, B-5, B-10

Label, 4-2, 4-3
LCALL code address, 3-69, 3-70, B-5, B-9
see also ACALL, 3-4, 3-5
CALL, 3-24
LEN built-in macro, 5-16, E-1
LES, 5-12, 5-13, E-1
Llsee LIST
LIST control, 6-3, 6-7, D-1
listing file, 1-4
format, 7-15—7-17
heading, 7-18
literal character (*), 5-2, 5-21, 5-22
listing file trailer, 7-21
LIMP code address, 3-71, 3-72, B-5, B-9
see also AJMP, 3-15
JMP, 3-59
SIMP, 3-122
local-symbol-list, 5-2, 5-6, 5-7, E-1
location counter (8), 2-12, 4-2
symbol, 2-2
Long Jumps or Calls, 2-8
see also LCALL, 3-69, 3-70
LIMP, 3-71, 3-72
LTS, §5-12, 5-13, E-1

machine instructions, 1-1
macro
arithmetic expressions in, 5-11, E-3
—body, 5-2, 5-3, 5-7
built-in, 5-2
delimiters, 5-18—5-21
expressions, 5-10
identifier, 5-3
listing format, 7-15—7-18
parameters, 5-5
~time, 5-2
MACRO control, 6-3, 6-7, D-1
MATCH built-in macro, 5-17, E-1
memory addresses, 1-8
METACHAR built-in macro, 5-10, E-1
metacharacter (%), the, 5-2
Modular Programming, 1-2
module, 1-3
monolithic programs, 1-2
MOV
@Rr,#data, 3-72, B-5, B-10
@Rr,A, 3-73, B-5, B-13
@Rr,data address, 3-74, B-5, B-11
A, #data, 3-75, B-5, B-10
A,@Rr, 3-76, B-5, B-12
A,Rr, 3-77, B-5, B-12
A,data address, 3-78, B-5, B-12
C,bit address, 3-79, B-5, B-11
DPTR,#data, 3-80, B-5, B-11
Rr,#data, 3-81, B-5, B-11
Rr, A, 3-82, B-5, B-13
Rr,data address, 3-83, B-5, B-11
bit address, C, 3-84, B-5, B-11
data address ,#data, 3-85, B-5, B-10
data address,@Rr, 3-86, B-5, B-11
data address, A, 3-87, B-5, B-13
data address ,Rr, 3-88, B-6, B-11
data address ,data address, 3-89, B-6, B-11
MOVC
A,@A+DPTR, 3-90, B-6, B-11
A,@A+PC, 3-91, 3-92, B-6, B-11
MOVX
@DPTR,A, 3-93, B-6, B-13
@Rr,A, 3-94—3-95, B-6, B-13
A,@DPTR, 3-96, B-6, B-12
A,@Rr, 3-97, 3-98, B-6, B-12
MPL, 5-1
MR see MACRO control
MUL
Arithmetic function, 1-10
AB, 3-99, 3-100, B-6, B-11

NAME directive, 4-1, 4-10, 7-18, 7-20
NES, 5-12, 5-13, E-1

nibble, Data unit, 1-9

NODB see NODEBUG control
NODEBUG control, 6-2, 6-4, D-1

NOEP see NOERRORPRINT control
NOERRORPRINT control, 6-2, 6-5, D-1
NOGE see NOGEN control
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NOGEN control, 6-2, 6-6, D-1

listing format, 7-15—7-18
NOLIsee NOLIST control
NOLIST control, 6-3, 6-7, D-1
NOMACRO control, 6-3, 6-7, D-1
NOMR see NOMACRO control
NOOBIJECT control, 6-3, 6-8, D-1
NOOJ see NOOBJECT control
NOP, 3-101, B-6, B-9
NOPAGING control, 6-3, 6-8, D-1
NOPI see NOPAGING control
NOPR see NOPRINT control
NOPRINT control, 6-3, 6-10, D-2
NOREGISTERBANK, 6-3, 6-11, D-2
NOSB see NOSYMBOLS control
NOSYMBOLS control, 6-3, 6-11, D-2
NOXR see NOXREF control
NOXREF control, 6-3, 6-13, D-2
null string

assembler, 2-11, 4-8
macro processor, 5-2

NUMBER, 4-10
Numbers

specifying, 2-9

representation of, 2-10

OBJECT control, 6-3, 6-8, D-1
Object file, 1-3
OBJHEX Code conversion program, 1-4
Octal, 2-9
0lJ see OBJECT control
Operands #
Operators, Assembly-time
Arithmetic, 2-13
Logical, 2-13
Relational, 2-14, 2-15
Special Assembler, 2-14
Operator Precedence, 2-15
Operators, macro, 5-10
ORG directive, 4-1, 4-2, 4-11, C-1
ORL
Logical function, 1-10
A, #data, 3-102, B-6, B-10
A,@Rr, 3-103, B-6, B-10
A,Rr, 3-104, B-6, B-10
A,data address, 3-105, B-6, B-10
C,bit address, 3-106, B-6, B-10
C,/bit address, 3-107, B-6, B-11
data address ,#data, 3-108, B-6, B-10
daia address A, 3-109, B-6, B-10
OUT built-in macro, 5-18, E-1-
OV (overflow flag), 1-7, 1-13, 2-7

P (parity flag), 1-7, 1-13, 2-7
PAGING control, 6-3, 6-8, D-1
PAGELENGTH control, 6-3, 6-9, D-1
PAGEWIDTH control, 6-3, 6-9, D-1
PC, 1-7, 1-11,2-2

see also, program counter, 2-2
Pl see PAGING control
PL see PAGELENGTH control
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POP data address, 3-110, B-7, B-12

Port 0 (P0) see 1/0 Port, 1-6

Port 1 (P1)see 1/0 Port, 1-6

Port 2 (P2) see 1/0 Port, 1-6

Port 3 (P3), 1-14

see also 1/0 Port, 1-6

poundsign (#), 2-3

PR see PRINT control

predefined bit addresses, 2-7

predefined symbolic register addresses

(AR0-AR7), 4-12

PRINT control, 6-3, 6-10, D-2

Program, 1-3

Program counter, 1-6, 1-9, 2-2

Program linkage, 4-1, 4-9

Program memory, 1-8

Program Status Word (PSW), 1-13

PS (Priority of Serial Port Interrupt), 1-16,
2-7

PSW see Program Status Word, 1-13

PTO (Priority of Timer O Interrupt), 1-16,
2-7

PT1 (Priority of Timer 1 Interrupt), 1-16,
2-7

PUBLIC directive, 4-1, 4-9

public symbols, 2-16

PUSH data address, 3-111, B-7, B-12

PW see PAGEWIDTH control

PXO (Priority of External Interrupt 0),
1-16, 2-7

PX1 (Priority of External Interrupt 1),
1-16, 2-7

RO, R1, R2, R3, R4, R5, R6, R7, 1-11, 2-2
see also, registers, General-purpose, 1-11
RAM memory, 1-6
RD (Read Data external), 1-15, 2-7
register
Banks, 1-11
General-purpose, 1-11
Program addressable, 1-12
value at reset, 1-17
register address symbols ARO-AR7, 2-2
REGISTERBANK, 6-3, 6-11
Relative Jumps, 2-8
Relative offset, 2-8
Relocatable Expression Evaluation, 2-16
relocatable object code, 1-3
relocatable segments, 2-16
relocatable symbol, 2-16
Relocation and Linkage, 1-4
relocation types, 4-3
REN (Receive Enable), 1-15, 2-7
REPEAT built-in macro, 5-15, E-1
Reset, 1-17
RESTORE control, 6-3, 6-10, D-2
RET, 3-112, 3-113, B-7, B-9
RETI, 3-114, 3-115, B-7, B-9
return value, 5-2
RLS51, 1-4
RL A, 3-116, B-7, B-9
RLCA, 3-117, B-7, B-9
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RL-time expressions, 2-1

RR A, 3-118, B-7, B-9

RRCA, 3-119, B-7, B-9

RS see RESTORE control

RSO (Register Select Bit 0), 1-7, 1-11, 1-1Z
2-7

RS1 (Register Select Bit 1), 1-7, 1-11, 1-13,
2-7

RSEG, 4-1, 4-11

RXD (Serial Port Receive pin), 1-15, 2-7

SA see SAVE control
SAVE control, 6-3, 6-10
SB see SYMBOLS control
SBUF (Serial Port Buffer), 1-7, 1-12
SCON (Serial Port Control), 1-7, 1-12, 1-15
scope, 2-11
external, 2-11
local, 2-11
public, 2-11
segment, 1-2
SEGMENT directive, 4-1, 4-3
segment type, 2-1, 2-11, 4-10
attributes, 4-3
BIT, 2-11
CODE, 2-11
conventions, 2-12
DATA, 2-11
IDATA, 2-11
in expressions, 2-15
of operands, 2-3—2-5, 2-8, 2-9
of symbols, 4-4—4-6
XDATA, 2-11
Segment Selection Directives, 4-1, 4-11
serial 170 Port, 1-6, 1-7, 1-15
SETB
C, 3-120, B-7, B-12
bit address, 3-121, B-7, B-12
SET built-in macro, 5-11, E-1
SET directive, 4-1, 4-5, C-1
simple relocatable expressions, 2-16
SINT, 1-16
SIMP code address, 3-122, B-7, B-11
SMO (Serial Mode Control bit 0), 1-15, 2-7
SM1 (Serial Mode Control bit 1), 1-15, 2-7
SM2 (Serial Mode Control bit 2), 1-15, 2-7
source listing, 7-18
SP (Stack Pointer), 1-12, 1-17, 1-19
see also stack, 1-11
Special Assembler symbols, 2-1, 2-2
see also EQU directive, 4-4, 4-5
Stack, 1-11
stack segment, 4-4
Statement Labels, 4-2
Storage Initialization/Reservation
directives (DS, DB, DW, DBIT), 4-1,
4-2,4-7—4-9
SUBB
Arithmetic function, 1-10
A,#data, 3-123, B-7, B-11
A,@Rr, 3-124—3-125, B-7, B-11
A,Rr, 3-126, 127, B-7, B-11
A,data address, 3-128, 3-129, B-7, B-11

Index

SUBSTR built-in macro, 5-16, 5-17, E-1
SWAP A, 3-130, B-7, B-12
symbol, 2-11, 4-4
definition, 4-1, 4-2, 4-3
names, 4-2
see also BIT, 4-5
DATA, 4-6
EQU, 4-4, 4-5
SET, 4-5
XDATA, 4-6
use of, 2-11, 2-12
SYMBOLS control, 6-3, 6-11, D-2

TITLE control, 6-3, 6-12, D-2
TO (Timer/counter 0 External flag), 1-15,
2-7
T1 (Timer/counter 1 External flag), 1-15,
2-7 ,

TCON (Timer Control), 1-7, 1-12
TFO (Timer 0 Overflow Flag), 1-13, 2-7
TF1 (Timer 1 Overflow Flag), 1-13, 2-7
THO (Timer 0 high byte), 1-7, 1-12
THI1 (Timer 1 high byte), 1-7, 1-12
TIMERO, 1-17
TIMERI, 1-17
TLO (Timer 0 low byte), 1-7, 1-12
TL1 (Timer 1 low byte), 1-7, 1-12
TMOD (Timer Mode), 1-7, 1-12, 1-14
TRO (Timer 0 Run control bit), 1-14, 2-7
TR1 (Timer 1 Run control bit), 1-14, 2-7
TT see TITLE control
two-pass assembler, 4-1
TXD (Serial Port Transmit bit), 1-15, 2-7
Type, 2-11

address, 2-11

number, 2-11

register, 2-11

segment, 2-11
TYPE, 7-20
typeless symbol, 4-10
type “REG”’, 4-4

UNIT, 4-4

UPM, 1-6

UPP, 1-6

Use of symbols, 2-11

USING directive, 2-2, 4-1, 4-12

Value, 2-11
constant value, 2-11
register name, 2-11
segment base address, 2-11
symbol address, 2-11
VALUE, 7-20

WF see WORKFILES control

WHILE built-in macro, 5-14, E-1

words, Data Unit, 1-9

WORKFILES control, 6-3, 6-12, D-2

WR (write Data for External Memory),

1-15,2-7

Writing, Assembling, and Debugging an

MCS-51 Program, 1-4
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XCH XRL

A,@Rr, 3-131, B-7, B-12 Logical function, 1-10

A,Rr, 3-132, B-7, B-12 A #data, 3-136, B-8, B-10

A,data address, 3-133, B-7, B-12 A,@Rr, 3-137, B-8, B-10
XCHD A,@Rr, 3-134, 3-135, B-8, B-12 ) A,Rr, 3-138, B-8, B-10
XDATA directive, 2-1, 2-11, 4-1, 4-3, 4-6, A,data address, 3-139, B-8, B-10

4-10 data address ,#data, 3-140, B-8, B-10

XR see XREF control data address,A, 3-141, B-8, B-10
XREF control, 6-3, 6-13, 7-20, 7-21, D-2 XSEG directive, 4-1, 4-6, 4-11, C-2

Index-6



