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Ic =0; [*lc=location counter; default to 0*/
mnemonic = null;
open input_file;
WHILE (mnemonic !=end) DO BEGIN
get_line(); [*get line from input_file */
scan_line(); [*scan line & get label/symbol & mnemonic */
IF (label) THEN enter_into_symbol_table(label, Ic);
CASE mnemonic OF BEGIN
null, comment, END: ; /*do nothing */

ORG: Ic = operand_value;
EQU: enter_in_symbol_table( symbol, operand val
DB: WHILE (got_operand) DO increment_Ic;

[* increment number of bytes define
DS: Ic = Ic + operand_value;

1 byte instruction:  Ilc=Ic+1,

2_byte instruction:  Ic=lc+2;

3 _byte instruction:  Ic=lc+3;
=\
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rewind_input_file_pointer;
Ic =0;
mnemonic = null;
open_output_file;
WHILE (mnemonic !=end) DO BEGIN
get_line();
scan_line(); /* determine mnemonic op code and value(s) of operand(s
[*Note: if symbols are used in operand field, their values are lo
[* in the symbol table created during pass 1
CASE mnemonic OF BEGIN
null, comment, EQU, END: ; /*do nothing */
ORG: Ic = operand_value;
DB: WHILE (operand) DO BEGIN
put_in_objectfile(operand);
lc=lc + 1;
END [* increment number of bytes define

2011/12/7 T. L. Jong, Dept. of E.E., NTHU 5


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

2011/12/7

DS: Ic=Ic + operand;

1 byte instruction:  put_in_objectfile(inst_code);

2_byte instruction:  put_in_objectfile(inst_code);
put_in_objectfile(operand);

3 _byte instruction:  put_in_objectfile(inst_code);
put_in_objectfile(operand high-byte);
put_in_objectfile(operand low-byte);

Ic =Ic + size_of instruction;

END
END
close_input _file;
close output_file;
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Assembly Language

Program Format

# Assembly language program contains:
Machine instructions (ANL, MOV)
Assembler directives (ORG,..)
Assembler controls ($TITLE)
Comments

# Lines of machine instructions or
assembler directives:

[label:] Mnemonic [operand] [,operand] [...] [;comment]

%* 2011/12/7 T. L. Jong, Dept. of E.E., NTHU 7
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Assembly Language

Program Format

Label & symbol

PAR EQU 500 'PAR is a symbol

, which represents
, value 500
START: MOV A#OFFH ;START is a label
;which represents t
;address of the MO
,instruction

' % Special Assembler Symbols
‘ A. RO-R7, DPTR, PC, C, AB, $

e
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Assemble-Time Expression

Evaluation
. * MOV  A#10+10H  (MOV A #1AH)
& *MOV A#25MOD7 (MOV A #4)
W  *MOV  A#9 AND OFH (MOV A #9)
¥ » THREE EQU 3
Minus_three EQU -3
a0 MoV A #(NOT THREE)+1
MOV A #Minus three
e | MOV A #11111101B
L7 =MOV A#BSHL1 (MOV  A,#10H)
. #MOV  A#HIGH 1234H (MOV A,12H)

kT 21
%ﬁ%ﬂr

%* 2011/12/7 T. L. Jong, Dept. of E.E., NTHU
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Assemble-Time Expression
Evaluation

Relational operators: result is always false
- (OOOOH) or true (FFFFH)

=@ = equal

NS <> not equal

1 < less than

U= <= less than or equal to
GT > greater than

\ pE greater than or equal to
MOV A#5=5

MOV A#X LT ‘Z

MOV A#5NE 4

MOV A#X >= X’

MOV A#$S >0

2011/12/7 T. L. Jong, Dept. of E.E., NTHU
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Assemble-Time Expression

2011/12/7

T. L. Jong, Dept. of E.E., NTHU

Evaluation

Expression Examples:

‘B”- ‘A’ 0001H ‘A’ SHL 8 4100H
8/3 0002H LOW 65535  OOFFH
155 MOD 2 0001H (8 + 1)*2 0012H
4*4 0010H 5EQ 4 0000H
8 AND 7  000OH ‘A’ LT ‘B’ FFFF
NOT 1 FFFEH 3<=3 FFFF

11
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Assemble-Time Expression
Evaluation

~ # Operator Precedence
()
HIGH LOW
* | MOD SHL SHR
: - + -
#  EQNELTLEGTGE=<><<=>>=
@ NOT
AND
OR XOR

When same precedence, operators are evaluate
left-to-right

HIGH (‘A’ SHL 8) 0041H

HIGH ‘A’ SHL 8  0000H

NOT ‘A’ -1 FFBFH

‘A’OR ‘A’ SHL 8 4141H

2011/12/7 T. L. Jong, Dept. of E.E., NTHU
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Assembler Directives

e “t Assembler state control (ORG, END, USING)

& & Symbol definition (SEGMENT, EQU, SET,
. DATA, IDATA, XDATA, BIT, CODE)

- Storage initialization/reservation (DS, DB,
DW, DBIT)

# Program linkage (PUBLIC, EXTRN, NAME)

# Segment selection (RSEG, CSEG, DSEG,
* ISEG, BSEG, XSEG)

%* 2011/12/7 T. L. Jong, Dept. of E.E., NTHU 13
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ORG
ORG

END
USING

MOV

USING
PUSH
MOV
USING
PUSH

2011/12/7

Assembler State Controls
» # ORG, END, USING

100H

($ + 1000H) AND OF000H 'set to next
4k boundary

;should be the last statement in the source fil

expression ;inform ASM51 of the currentl
,active register bank

PSW,#00011000B ;select RB 3, the only
;to switch register ban

3 ;use register bank 3

AR7 ;1FH (R7 in bank 3)

PSW,#00001000B

1

AR7 ;0FH

T. L. Jong, Dept. of E.E., NTHU 14
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Symbol Definition

symbol definition directive creates
. = symbols representing segments,
egisters, numbers, & addresses.

2011/12/7 T. L. Jong, Dept. of E.E., NTHU
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Symbol Definition

# Segment (CODE, XDATA, DATA,IDATA,BIT)
symbol SEGMENT segment_type
CODE (code segment)

DATA (the internal data space accessible by direct
addressing 00-7FH)

IDATA (the entire internal data space accessible by
Indirect addressing, 00-7FH on 8051, 00-FFH.on
8052)

XDATA (the external data space)

BIT (the bit space; overlapping byte locations 20H-
2FH of the internal data space)

EPROM SEGMENT CODE (declares that EPROM is
a code segment. To actually begin using this
segment, the RSEG directive Is used)

2011/12/7 T. L. Jong, Dept. of E.E., NTHU 16
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Symbol Definition

" % EQU and SET -- numbers
" = symbol EQU expression (assigns a numeric
value to a specific symbol name)
N27 EQU 27
HERE EQU $
MESSAGE: DB  ‘Thisis a message’
LENGTH EQU $-MESSAGE

symbol SET expression (similar to EQU exc
that symbol can be redefined
later using another SET directiyv

2011/12/7 T. L. Jong, Dept. of E.E., NTHU 17
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Symbol Definition

® « DATA, IDATA, XDATA, BIT, & CODE: assign
- = addresses of the corresponding segment
type to a symbol.

e.g.,

PR rLAGl EQU 05H

. FLAG?2 BIT 05H
SETB FLAG1
SETB SW\eY.
MOV FLAG1,#0
MOV FLAG2,#0

2011/12/7 T. L. Jong, Dept. of E.E., NTHU
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Storage

Initialization/Reservation
& * DS (define storage)

[label:] DS expression (reserves spaces in byte units,
can be used in any segment type
except BIT)

DSEG AT 30H ,put in data segment
,(absolute , internal)

LENGTH EQU 40
BUFFER: DS LENGTH ;reserve 40 bytes

MOV R7#LENGTH

MOV RO#BUFFER ;R0=30H
LOOP: MOV @RO0,#0

INC RO

DIJNZ R7,LOOP

2011/12/7 T. L. Jong, Dept. of E.E., NTHU
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XSTART
XLENGTH

XBUFFER:

LOOP:

2011/12/7

EQU
EQU
XSEG

DS
MOV
CLR
MOV
INC
MOV
(ON]\|=
MOV
CJINE

Storage

Initialization/Reservation
4 * Create 1000 bytes In external RAM at 4000H

4000H
1000

AT XSTART  ;put | data segment
;(absolute , internal)

XLENGTH ,reserve 40 bytes
DPTR,#XBUFFER

A

@DPTR,A

DPTR

A,DPL

A #LOW(XBUFFER + XLENGTH + 1),LOOP
A,DPH

A #HIGH(XBUFFER + XLENGTH + 1),LOOP

(continue)

T. L. Jong, Dept. of E.E., NTHU 20
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% Storage Initialization/Reservation
, * DBIT: reserve space in bit units

[label:] DBIT expression
BSEG ;bit segment, absolute (OOH-7FH)
; KBFLAG: DBIT 1 ;keyboard status
84 W PRFLAG: DBIT 1 printer status
I8 DKFLAG: DBIT 1 -disk status
##% DB (define byte): initialize code memory w bye values
[label:] DB expression [,expression] [...]

CSEG AT 0100H
SQUARES: DB 0,1,4,9,16,25 ;squares of number 0-5
MESSAGE: DB ‘Login:’,0 ;null-terminated char string

# DW (define word)
' [label:] DW expression [,expression] [...]
CSEG AT 0200H

DW  $°A’,1234H,2°'BC’  :02 00 00 41 12/34 00
STy .02 42 43

ﬁ%@ 2011/12/7 T. L. Jong, Dept. of E.E., NTHU 21
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Program Linkage

= Allows separately assembled modules (files)
» to communicate by permitting intermodule
referencing and naming of the modules

PUBLIC (declare public for other modules to reference)
PUBLIC symbol [,symbol] [...]

allows the list of specified symbols to be known and us
outside the currently assembled module.

XTRN (declare symbols defined outside current
EXTRN symbol [,symbol] [...]

MESSAGE.SRC

2011/12/7 T. L. Jong, Dept. of E.E., NTHU 22
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Segment Selection

- " # RSEG (selecting relocatable segment)

RSEG segment_name
segment_name is previously defined by SEGMENT
3 directive.
“ % Selecting Absolute Segments
CSEGJ[AT address]
DSEG [AT address
ISEG [AT address
BSEG [AT address
XSEG [AT address]

% =Each segment has its own location
% counter which is set to O initially

%* 2011/12/7 T. L. Jong, Dept. of E.E., NTHU 23
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Segment Selection

OBJ LINE SOURCE
1 ONCHIP SEGMENT DATA
2 EPROM SEGMENT CODE
3
4 BSEG AT 70H ;begin abs bit seg
5 FLAGLl: DBIT 1
6 FLAG2 DBIT 1
s
8 RSEG ONCHIP ;begin relocatable data seg
0000 9 TOTAL: DS 1
0001 10 COUNT: DS 1
0002 11 SUM16: DS 2
12
13 RSEG EPROM ;begin relocatable code seg
0000 750000 F 14 BEGIN: MOV  TOTAL#0
| 15 (continue program)

16 END

%* 2011/12/7 T. L. Jong, Dept. of E.E., NTHU
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Assembler Controls

# Establis
object fi
without

n the format of the listing and
es. Controls the look of listing file,

naving any effect on the program.

# Can be entered on the invocation line or
placed in the source program (preceded

with $)
#* Primary

controls and general controls

» e.g., DATE, INCLUDE, LIST, MACRO(50),

XREF

2011/12/7
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£ " Assembler Controls

+ NAME | Primary/ 'DEFAULT Abbrev ¥ Meaning
- ~General ] - : : -

D;ATE(date_) * P. ¥ DA_TA() b P DA -J..P:Laces strlngln header (9 Char
R : e o AT e A ,

D"-EBUG' P NbDEBUG DB - Outputs debug symbolmformahon
ﬂ R S ' ' : : N ' ol T -toobjectﬂle : |

T

: N_ODiEBUG i i NQDEPBUG' Né)DB Symbolinformatibn not p[acedin '
b e N wry, =R N e .| object file e ; <

EJECT . | G/ |Notapplicable = |EJ |Continuelisting on next page

ERRORPRINT =~ | ‘P~ | NOERRORPRINT [EP | Designates afile to receive error
T T T . | Messages in addition to the listing
flle(defaults to console) j

NOERRQRPRWT_'. BB NOERRORPRH\IT-’-_-.fN_OEP_ 3) DeS|gnates that error messages
T o o Lwill be prlnted in Ilstlng file only

£ t'rh

|1 GEN . : _ - P . | GENONLY GO . List'only the fully expanded source
by by by L as if all lines generated by a macro
call were already in the sourcefile

2011/12/7 T. L. Jong, Dept. of E.E., NTHU 26
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» Assembler Controls

: GENONLY . G GENO-NI.__YA NOGE List only the original source1
. ! ®. | x| ~° | textin the listing file :

Z! INCLUDE(file_) LSRRI G | Not appli'cable, - IC | DeS|gnates a file to be |
LT R EELT R G T R " “Frincluded as: part “of the
e ' e , e ; e ;program § :
LIST ' G | NOLIST : LI | Print . subsequent Ilnes of
ﬂ il o T T T T T T source code’ in listing file

: NOLIST e NOLIST _ NOL_| | Do not print subsequent Tines
& g & S a1 of ' source ‘code in listing
. i ol ¥ . ks e T Hffie : b ks

MA—CRO(me'm_percent P/l MACRO(50) MR Evaluate and expand all macro’
)' . ' : : . : | calls. Allocate percentage of
free memory for macro . ‘

process ] ng

NOMACRO .P MACRO(:50). NOMR. Do not evaluate macro Calls

MOD5% = - i P‘F'I'?:_ lt/lODSl P e T T Recognlze the 8051- —specific
: : it ; P . predefined special function
: A 3 registers
NOMOD51 e P MOD S e NOMQ | Do not ‘recognize 8051-,
I g | R . . | specific ipredefined speC|aI
function registers

2011/12/7 T. L. Jong, Dept. of E.E., NTHU 27
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>
n Assembler Controls
: OB;JECT(fiIe) A ='APt OBJ ECT(source o |03 Designates flleto receive object
el g | BJ) _ Rl gde g :
NOOBJECT # . P. @BJECT(sourceO NOOJ | Designates that go object
Fe i F B A & | file will be created ' &
PAGING- | o4 p. PAGING o |:>| : .Design'at-es that Iisti'ng file
ﬂ w X w X w X X be broken into pages and each
A bk Ay i % | will have a ‘header : \
' | NOPAGING S P_A,GINGT.,' T e n NOP| Designates thatllstlng file WI||
: ¥ E i S S | contain no page breaks ..
PA_GEﬂENGTH _ 1P PAGEL_ENéTH-(GO) PL ~ | Sets maximum number of lines in :
oA ' 2 ' * ' . ‘each page of I|st|ng file (range = 10
to 65,536)
PAGEWIDTH " I'p | PAGEWIDTH(120) |PW/ * | Sets maximimnumber of
: G L LRy characters in each I|ne of listing file
: - : T e Pz 5 (ra-nge il 10 132)
g PRINT(file) | P i PRINT(source LST) | PR @esugnates file to recelve source
. ; * * ; " listing *
NOPRINT P | PRINT(source.LST) | NOPR" | Designates that no listing file WI|| be ‘
® 38 g .. | created : '

2011/12/7 T. L. Jong, Dept. of E.E., NTHU AS
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Assembler Controls

G | Not appii_c-able . SA Stores current control settings- from 1
| ; : el B #. . |'SAVE stack#® 2
r! RESTORE_ - G | Not applilcable. « | RS , Re§tores control hsettlngs
: = e M 0 E 'from SAVE stack
REGISTERBANK(rb J P REGI‘STERBANK(O) S (R S o Sy
. e i used 1n program. module
NOREGlSTERBANK tP . REGISTERBANK(O) NORB* | Indicates that no register banks are
. y | sl g TSNS ed:
SYMBQLS-.j 2. A F; 'SYMBOLS '.--_; ¥ s Creates a formatted fable of all
_ symbols used in program
NOSYMBOLS 1P| SYMBOLS . NOSB. | Designates that no'symbol table is
T i & 4. *“ | created ' b
TITLE(string). G | TITLE() v Al a8 Places a string in all subsequent
S SN * " Hﬂ*" THE ..'"pabe headers (max 6’Ocharac;ters)
g WORKFILES(path) P | Samé as source WFE ' DeSIgnateS.altemate path for .
l : . _ : : . temporary workfiles

i

2011/12/7
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Assembler Controls

NOXREF=

XRiz

F.
.

Creates a crgss reference Ilstlng of

: : : all symbolsiused in program 1
- : R NOXREF' \ N_QXR , De'_3|gnates that fo cross
* | i R R W il SR reference |,le |s created

:.'|\.

=F

.~

- - ‘.'. -
b / b / b / b / |3
|
K K K K K
» "
I:.' 1' - } . “-".- } : . - H‘a } :
N | E : f A o BT -

2011/12/7
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Linker Operations

» #Intel RL51: links modules into an output
B file:
RL51 input_list [TO output_file] [location_controls]

Input_list: a list of relocatable object modules (files)
Separated by commas.

Output_file: the name of the output absolute object
module (executable program).

- Location controls: set start addresses for the named
segments.

#e.g., RL51 MAIN.OBJ,MESSAGE.OBJ,
SUBROUTINE.OBJ TO EXAMPLE &
CODE (EPROM(4000H))
DATA(ONCHIP(30H))

%j 2011/12/7 T. L. Jong, Dept. of E.E., NTHU 31



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

FIGURE 7-7
Linker operation

Legend

(O Utility program
[ User file

2011/12/7 T. L. Jong, Dept. of E.E., NTHU 32
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& Annotated Example: ECHO.LST

DOS 3.31 (038-N) MCS-51 MACRC ASSEMBLER, V2.2

OBJECT MODULE PLACED IN ECHO.O8J
ASSEMBLER INVOKED B8Y: C:\ASM5T\ASMS1.EXE ECHO.SRC EP

LOC 0BJ LINE SOURCE

1 SDEBUG

2 STITLEC(™ ™ ANNOTATED EXAMPLE (MAIN MQODULE) =***)

3 SPAGEWVIDTH(98)

4 SNOPAGING

5

é NAME MAIN ;MODULE NAME 1S “MAIN®

7 EXTRN CODECINIT,OUTSTR) :DECLARE EXTERNAL SYMBOLS

8 EXTRN CODE(CINLINE,OUTLINE)

9

000D 10 CR EQU ODH ;CARRIAGE RETURN CODE

11 EPROM SEGMENT CODE ;ODEFINE SYMBOL “EPROMY

12
.- 13 RSEG EPROM :BEGIN CODE SEGMENT
0000 120000 F 14 MAIN: CALL INIT JINITIALIZE SERIAL PORT
0003 900000 F 15 LOOP : MOV DPTR, #PROMPT :SEND PROMPT
0006 120000 F 16 CALL OUTSTR
0009 120000 F 17 CALL INLINE ;GET A COMMAND LINE AND
000Cc 120000 F 18 CALL OUTL INE ; ECHO 1T BACK
000F 80f2 19 JMP L.OOP ;REPEAT

20
0011 0D 21 PROMPT: DB CR,’Enter & command: ’,0

0012 456E7465
0016 72206120
001A 836F6D6D
001E 616EH643A
0022 20
0023 00

2011/12/7 T. L. Jong, Dept. of E.E., NTHU
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"% Annotated Example: ECHO.LST

| SYMBOL TABLE LISTING

NAME TYPE VALUE ATTRIBUTES

CR . .. NUMB OOODH A

EPROM., . C SEG 0024H RELSUNIT
INIT . . C ADDR ce=-

INLINE . ., C ADDR ce=-

LOooP . . C ADDR 0003H SEG=EPROM
MAIN . C ADDR OQO0OH SEG=EPROM

OUTLINE., . C ADDR c---
QUTSTR . . C ADDR see-
PROMPT . . C ADDR 0C11H SEG=EPROM

REGISTER BANK(S) USED: O

ASSEMBLY COMPLETE, NO ERRORS FOUND

2011/12/7 T. L. Jong, Dept. of E.E., NTHU
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& Annotated Example: |0.LST

MCS-51 MACRO ASSEMBLER *** ANNOTATED EXAMPLE (SUBROUTINES MODULE) ***

DOS 3.31 (038-N) MCS-51 MACRO ASSEMBLER, V2.2
OBJECT MODULE PLACED IN 10.08BJ
ASSEMBLER INVOKED BY: C:\ASM51\ASM51.EXE 10.SRC EP

LOC 0OBJ LINE SOURCE

1 $DEBUG
2 STITLE(*** ANNOTATED EXAMPLE (SUBROUTINES MODULE) ***)
3 $PAGEWIDTH(98)
SNOPAGING
5
6 NAME SUBROUT INES ;MODULE NAME
7 PUBLIC  INIT,OUTCHR,INCHAR ;DECLARE PUBLIC SYMBOLS
g 8 PUBLIC  INLINE,OUTLINE,OUTSTR
S 9
10 B 2 e v 9 i 3 e 70 v e o 9 7 W e Ve v T T T o o S Y e o e e e e o v i e e e e o e o o o o e o Y O e e o o o o e e o e e e e e e o
11 ; DEFINE SYMBOLS *
1 2 ;**************‘****i**********i************************************
000D 13 CR EQU ODH ;CARRIAGE RETURN
0028 14 LENGTH EQU 40 ;40-CHARACTER BUFFER
15 EPROM SEGMENT  CODE ;"EPROM" IS A CODE SEGMENT
16 ONCHIP SEGMENT DATA ;"ONCHIP" IS A DATA SEGMENT
17
---- 18 RSEG EPROM ;BEGIN RELOCATABLE CODE SEGMENT
19
20 ; o P i e e e Yo A U o v i o e o e e o e A e 3 9 i e Y e o o e o e o ol e e e e e ol e e e T e e o T o e e e vl e e e e e v
21 ; INITIALIZE THE SERIAL PORT *
22 ; o e e e e vie T e 2l e o e o e i e e e e e A vl I e e v e o o e ol o ol e i e e e o e i e dle v e e S i e o e vl S ol e ol o e ke ol o e e i ol
0000 759852 23 INIT: MOV SCON,#52H  ;8-BIT UART MODE
0003 758920 24 MOV TMOD,#20H  ;TIMER 1 SUPPLIES BAUD RATE CLOCK
0006 7580F3 25 MOV TH1,#-13 ;2400 BAUD
0009 D28E 26 SETB TR1 ;START TIMER

0008 22 27 RET
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Annotated Example

; e ol e sl e oy e e ol ol e ke e e e ol i ol e e e ol vl e e el ol e ol e ol ol ol o e o ol o e e e o o o o e e e o o o e e e o e o o e e e e o o

; OUTPUT CHARACTER IN ACC (NOTE: VDT MUST CONVERT CR INTO CR/LF) *
31 SRR AR AR RN AR R AR AR AR R R IR RN RN H AR AR RREAERARNRRERRRREN RSN

000C 3099FD 32 OUTCHR: JNB 11,8 sWAIT FOR TRANSMIT BUFFER EMPTY

000F C299 33 CLR Tl ;WHEN EMPTY, CLEAR FLAG AND

0011 F599 34 MOV SBUF ,A ; SEND CHARACTER

0013 22 35 RET

36
37 o A S e AR e e ke e ek ek
38 : INPUT CHARACTER TO ACC *
39 PRRERRRRRRARIRERRRARRREAATRERRARARREN AL RRRRRIRERR RN RN IR R RN R AR KN K
0014 3098FD 40 INCHAR: JNB RI,$ sWAIT FOR RECEIVE BUFFER FULL
0017 €298 41 CLR RI ;WHEN CHAR ARRIVES, CLEAR FLAG &
0019 E599 42 MoV A,SBUF : INPUT CHAR TO ACC
001B 22 43 RET
44
45 S RERRR RN RIR R IR RRIR RN R R RN R AR R AR AR TR AR RN
46 ; OUTPUT NULL-TERMINATED STRING *
47 2 HRR ATk e e e ek ek ek ek e A o
001C E4 48 OUTSTR: CLR A ;sDPTR POINTS TO STRING OF CHAR
0010 93 49 MOVC A,dA+DPTR  ;GET CHARACTER
001E 6006 50 JZz EXIT ;1F NULL BYTE, DONE
0020 120000 F 51 CALL OUTCHR sOTHERWISE, SEND IT
0023 A3 52 INC DPTR sPOINT TO NEXT CHARACTER
0024 80F6 53 JMP OUTSTR ; AND SEND IT TOO

0026 22 RET
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Annotated Example

56 ; *'t********************t**********t***t***t**********tt************
57 : INPUT CHARACTERS TO BUFFER *
58 ; e e e o v Yo 3 e T I W e o e e e e o e el e e A T e e e A Ve e e o e W e e o e e o e e e e eI R W e e e o
0027 7800 F 59 INLINE: MOV RO, #BUFFER ;USE RO AS POINTER TO BUFFER
0029 120000 F 60  AGAIN: CALL  INCHAR 1GET A CHARACTER
002C 120000 F 61 CALL OUTCHR ; ECHO IT BACK
002F f6 62 MOV aR0, A :PUT IT IN BUFFER
0030 08 63 INC RO s INCREMENT POINTER TO BUFFER
0031 B4ODF5 64 CJNE A,#CR,AGAIN ;IF NOT CR, GET ANOTHER CHAR
gggg ;goo gz :g¥ R0, #0 :PUT NULL BYTE AT END
67
68 ; Rl Rk ik d ok h Rk iy ke kA w Rk A dedrdedr i ek A A e et e R de e e ol e ke ke
69 ; OUTPUT CONTENTS OF BUFFER *
. 70 ; ARAAERARREANENERNR e e i drde e i de s e A de e s oir o e e e e o e O W ol o e o o ol e P O S o o e e o
0037 7800 F 71 OUTLINE: MOV RO,#BUFFER ;USE RO AS POINTER TO BUFFER
gggz E6 ;; AGAIN2: MOV A,3R0 sGET CHARACTER FROM BUFFER
6006 J2 EXIT2 »1F NULL BYTE, DONE
003C 120000 F 74 CALL  OUTCHR :OTHERWISE, SEND IT
ggzg ggFr ;2 i:g RO ;POINT TO NEXT CHAR IN BUFFER
AGAIN2 : AND SEND IT TOO
0042 22 77 EXIT2: RET
78
79 : o e e v e 9y e e ek Yo 3 9 2% e e 3y o ke e Y e o VT A o e o ol e o S Ve Ve o Y O Wl e e W e e A A T e e e e e
80 > CREATE A BUFFER [N ONCHIP RAM L2
81 ; *****i***********'Jr*t**t*************************************k*****
SO0 82 RSEG ONCHIP ;BEGIN RELOCATABLE DATA SEGMENT
0000 gz BUFFER: gs LENGTH sALLOCATE INTERNAL RAM AS BUFFER
ND

2011/12/7
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Annotated Example

SYMBOL TABLE LISTING

e e T, oy am oam o oaw wm e omm am e e oew

N AME T Y P E VvV AL UE AT TR1IBUTTES
AGAIN . . . [C ADDR 00294 R SEG=EPROM
AGAIN2. . . CC ADDR O039H R SEG=EPROM
BUFFER. . . D ADDR O0OOH R SEG=0ONCH1P
CR. - . . . NUMB DOODH A

EPROM | .| . C SEG 0043H REL=UNIT
EXIT. . . . € ADDR 0026H R SEG=EPROM
EXITZ2 . . . C ADDR 00424 R SEG=EPROM
INCHAR. . . C ADDR O014H R PUB SEG=EPROM
INIT. . . . CC ADDR O0O0O0H R PUB SEG=EPROM
INLINE. . . C ADDR Q027H R PUB SEG=EPROM
LENGTH. . . NUMB 0028H A

ONCHIP. . . D SEG 0028H REL=UNIT
OUTCHR. . . C ADDR OOOCH R PUB SEG=EPROM
OUTLINE . . C ADDR O037H R PUSB SEG=EPROM
OUTSTR. . . C ADDR 0O01CH R PUB SEG=EPROM
RI. . . . . B ADDR 0098H.0O A

SBUF. . . . D ADDR O099H A

SCON. . . . D ADDR CO98H A

SUBROUT IKES -—— -———--

TH1 . . . . D ADDR 008DH A

1. . . . . B ADDR 0098H.1 A

TMOD. . . . D ADDR Q089K A

TR1 . . . . B ADDR 0088H.6 A

REGISTER BANK{(S) USED: D

ASSEMBLY COMPLETE, NO ERRORS FOUND
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"% Annotated Example: ECHO+IO

:DOS 3.31 (038-N) MCS-51 RELOCATOR AND LINKER V3.0, INVOKED 8Y:
C:\ASM51\RL5%1.EXE ECHO.08J,10.08J TO EXAMPLE CODE(EPROM(BOOOH))DATACONCHIP(30H
>> ))

A
r- - e
<t |
¥
I
L

INPUT MODULES INCLUDED
ECHO.OBJ(MAIN)
[10.0BJ(SUBROUTINES)

LINK MAP FOR EXAMPLE(MAIN)

TYPE BASE LENGTH RELOCATION  SEGMENT NAME
REG 0000H 0008H “REG BANK O™
0008H 0028H RN GAP wow
DATA 0030H 0028H UNIT ONCHIP
0000H 8000H *AR GAP *Ww

CODE 8000N EPROM
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2011/12/7

SYMBOL

N :COO0DH
C:8000H
C:8003H
C:8000H
C:8011H

C:804DH
C:805DH
D:0030H
N:000DH
C:8000H
C:804AH
C:8066H
C:8038H
C:8024H
C:804BH
N:0028H
D :0030H
C:8030HM
C:805BH
C:8040H
B:0098H
D : 0099H
D :0098H
D : 008DH

:0098H.1

D : 0089H

TABLE FOR

TYPE

MODULE
SYMBOL
SEGMENT
SYMBOL
SYMBOL
SYMBOL
ENDMOD

MODULE
SYMBOL
SYMBOL
SYMBOL
SYMBOL
SEGMENT
SYMBOL
SYMBOL
PUBLIC
PUBLIC
PUBLIC
SYMBOL
SEGMENTY
PUBLIC
PUBLIC
PUBL1C
SYMBOL
SYMBOL
SYMBOL
SYMBOL
SYMBOL
SYMBOL
SYMBOL

EXAMPLEC(MAIN)

NAME

MAIN
CR
EPROM
LOOP
MAIN
PROMPT
MAIN

SUBROUT INES
AGAIN
AGAINZ2
BUFFER
CR
EPROM
EXIT
EX1TZ
INCHAR
INIT
INLINE
LENGTH
ONCHIP
OUTCHR
OUTL INE
OUTSTR
R!
SBUF
SCON
TH1

Tl
TMOD
TR1

SUBROUTINES 0
4
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......

MACROS

# Macro allows frequently used sections of
code to be defined once using a simple
mnemonic and used anywhere in the
program by inserting the mnemonic.

# ASM51’s MPL.: string replacement.

#* %DEFINE (call pattern) (macro_body)

# %DEFINE (PUSH_DPTR)
(PUSH DPH
PUSH DPL)

#* %PUSH DPTR will be replaced by PUSH
DPH and PUSH DPL two Instructions in
the .LST file

2011/12/7 T. L. Jong, Dept. of E.E., NTHU
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%‘*'
* Advantages of Using Macros

#* More readable

#* The source program is shorter and
requires less typing

# Using macros reduces bugs

# Using macros frees the programmer
from dealing with low-level details

%* 2011/12/7 T. L. Jong, Dept. of E.E., NTHU 42
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Parameter Passing

#* %DEFINE
(macro_name(parameter_list))
(macro_body)

* %DEFINE (CMPA# (VALUE))
(CINE A #%VALUE,
(| #%CMPA# (20H) = CINE A #20H,$+

2011/12/7 T. L. Jong, Dept. of E.E., NTHU 43
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Parameter Passing

" »=JUMP If A Is greater than X:

B « %DEFINE (macro_name(parameter_list))
(macro_body)

. #*%DEFINE (JGT(VALUE,LABEL))
(CINE A#%VALUE+]1, $ + 3;
JNC LABEL JGT

g )
 #%JGT(‘Z’,GREATER_THAN)
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Local Labels

# % DEFINE (macro_name [(parameter_list)])
| list_ of local labels
(macro_body)

sDEFINE (DEC_DPTR) LOCAL SKIP
(DEC DPL

MOV A,DPL

CINE A #OFFH,%SKIP
o DEC DPH
. | %SKIP: )

2011/12/7 T. L. Jong, Dept. of E.E., NTHU
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Local Labels

| % %DEC_DPTR =
DEC DPL
4 MOV A, DPL
CINE A #OFFH, SKIPOO

~  =Side effect: A is used and changed

2011/12/7 T. L. Jong, Dept. of E.E., NTHU
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Preserve A by Push-Pop

* %DEFINE (DEC_DPTR) LOCAL SKIP
| (PUSH A

_ DEC DPL

CINE A #OFFH %SKIP
DEC DPH

%SKIP: POP A

)

2011/12/7 T. L. Jong, Dept. of E.E., NTHU
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Repeat Operations-- Bullt-in
Macros

OREPEAT (expression) (text)
REPEAT (100)
(NOP
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' Control Flow Operations

. » *Conditional Assembly in ASM51:

L *%IF (expression) THEN (balanced_text)
. | [ELSE (balanced text)]

TERNAL EQU 1 ;1=8051 serial I/O drivers
;0=8251 serial 1/0 driv

%IF (INTERNAL) THEN

NCHAR: . 8051 driver
)UTCHR

i é ) ELSE

(INCHAR: : :8251 driver

OUTCHR:
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