Structured Assembly
LLanguage Programming

Text: Chapter 8
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TABLE 8-1 Assembly Language Program Elements

Program Element

Purpose

Program Header

External Symbol Definitions
Internal Symbol Definitions
Assembler Equates

Code Section Start
Program Initialization
Main Program Body
Program End

Program Subroutines
Constant Data Section Start
Constant Data Definitions
Variable Data Section Start
Variable Data Allocation

Briefly describes the purpose of the program.

XREFs for symbols defined in some other source file.

XDEFs for symbols defined in this source file.

Definition of constants used in the program.

Defines the following bytes to be in the code segment or section in ROM.
Initializes the stack pointer, I/O devices, and other variables.

This contains the main program.

Start the main program again or terminate in some way.

Subroutines and functions used in the main program.

Defines the following bytes to be in the constant data segment in ROM,
Definitions of constants in ROM.

Defines the following bytes to be variable data elements in RAM.
Allocation of space for variable data elements.
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Example 8-1 The Completed Program

Metrowerks HCl2-Assembler

{c) COPYRIGHT METROWERKS 1987-2003

Rel. Loc Obj. code Source line

1 : HCS12 Assembler Example
; This program is to demonstrate a
; readable programming style.

; It initializes the A/D converter

3

4

5

[ + and a bank of LEDs. It then reads the

7 ; value on the A/D, digplays it, and delays
8

; about 0.5 second. It then displays the

9 :+ last value it converted for about 0.5
10 ; second and repeats.
11 } Source File: M6812EX1_REL.ASM
12 ; Author: F. M. Cady
13 ; Created: 7/26/2004
14 ; Modifications: MNone
15 i
16 R ]
17 i External symbol definitions
18 XREF get_aD, init_aAD
19 XREF enable_LED, put_LED
20 XREF delay_X_ms
21 ¥REF __SEG_END_SSTACK
22 :t***it*tii**ii**iii*ir**ti**iii**i**it*it
23 ; Internal symbol definitions
24 XDEF Entry, main
25 :*iitiitiiiitiit*iiiii*ittitiiiittitiiiiix
26 H Constant Equates
27 0000 01F4 DELAY: EQU 500 ; Used for delay sub
28 Fk**t*i**i****i**t****k**i*i*****k****t***
29 ; Code Section Start
30 MyCode: SECTION
31 Entry:
32 main:
33 ; Initialization section
34 : Initialize stack pointer
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35 000000 CFxx
36

37 000003 lexx
38 000006 lé6xx
39

40 000009 T9xx
41

42

43

44

45 00000C lexx
46 00000F 37
47

48 000010 16xx
49

50 000013 CEO1
51 000016 lé6xx
52

53 000019 Féxx
54 00001C 16xx
55 00001F 33
56 000020 7Bxx
57

58 000023 FExx
59 000026 1l6xx
60

61 000029 Z0El
62

b3

64

65

66

67

68

6%

70

1 000000 O1F4
72

73

74

7% 000000

xx

XX

XX

F4

XX

XK

XX

XX

KX

lds  #__ SEG_END_SSTACK
; Initialize all 1/0 devices

jsr init_AD ; Init the A/D

jsr enable_LED ; Enable LED port
; Initialize the last data value

cly Last_WVal
?k**kl****l**kﬁ*Ai*i****kt*k**l**l**k*kii*
; Main process loop starts here:
loop:
; Get value from A/D

jsr get_AD

pshb ; Save it
; Display on LEDs

jar put_LED
; Delay about 0.5 second

ldx #DELAY

jsr delay_X_ms
; Now display the last value

ldab Last_Val

jar put_LED

pulb j Get the value back

stab Last_Val; Save it for next time

; Delay about 0.5 second

ldx  Delayl

jsr delay_X_ms ; Delays # ms in X
; Do forever

bra loop
:nk*xk**ttltt:ttkt*kttkt*kt*t**tt:ttkt'k*r
; Subroutines and functions
; (This releocatable assembler program does
; not have any subroutines in the main
; module. If you do, however, this is the
; place to put them.)
:tvtt'ttttfitttt'tttttttt‘!tt‘lttvttf'tf'tttt
; Constant data area in ROM
MyConst : SECTION
Delayl: DC.W  DELAY
;t*"**********“*!**!1‘\!*"******!“*!****t!*’
; Variable data area in RAM
MyData: SECTION
Last_Val: DS.B 1
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Program Header

Program Element

Program Header

Summer 2008

Program Example

MOE3C12 Assenbller BEanplle

This program i1s to danmostrate a
reeckEble progamiarng style.

It counts the nunber of daracters
N a buffer ad stores the resullt In
a data locatiaon. It then priants
the nunber of darecters usirg
D-Bugl2 Monitor routines.

Source Fille:  MSS12ZEXL _ASM

Autor:- F. M. Cady

Created: /1597

Modifscataos: Noe
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Equates

Program Element
System Equates.

Constant Equates

Memory Map
Equates
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Program Example

- Monrtor Eouates
authecE QU HEI16
putdaer- QU =1
- 1L/O Ports

RORTH: EU 24
RORTJ:-: BEU B3

- Gostait Bguates

QR: =0V Bd
LF: =0 V) Ba
NOLL: BU 5:00)
NIEL:- B O

- Menory Mep BEuates
PROG: =0V $4000
DATA: =0V $B3000
STAAK: EUJ $3000
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Qutput 2 hex nikdblles
Priint a daracter

Port H address
Port J address

R aode

LF acode

EBd of ASCII striirng
Intaal daa value

Locate the praogram
Varsable data aress
Top of stk



‘ Program lL.ocation

Program Element Program Example
Program Code CRG PROG  : Locate the program
Origination
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Program Initialization

Program Element Program Example

Stack Pointer ids #STACK  ; Inidalize stack poirter
Initialization

Variable Data : Initialize the data area to zero

Initialization clr Gounter
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Main Program Body

Program Element Program Example
Main program body  ; Gount the daracters in the striirng
Icd HSTRING
jsr courc_ em
; Qutout the resulit strarng
iad #FAAES LT ; Pornt to te strirng
jsr autstr

AQutut the adaouter
Id=b couter

sr [out2hex<,FCR]
> Now autpout a CRLF
Jsr AR
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Program End

Program Element Program Example
Return to the s : Retum 1o the nonitor
monitor
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‘ Program Subroutines

TABLE 8-3 Subroutine or Function Header

§ Subroutine calling sequence or invocation.
- Subroutine name.

ok Purpose of subroutine.

; Name of file containing the source.
§ Author.

: Date of creation or release.

: Input and output wvariables.

; Registers modified.

- Global data elements modified.

¥ Local data elements modified.

H Brief description of the algorithm.
> Functions or subroutines called.
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Program Subroutines

Program Element Program Example

Subroutines and
functions

Subrautine "‘coutt en( dar *StaarngP )™

This rautine duits the daracters Iin a strirng
util the NULL daracter i1s foud.

Entxy: D register poirnting to the start
BExit: Noe

Reg Mod:z QOCR

Data Mod: Data location Counter aomtains the

rnunber of darecters

ot em
: Saave the ragisters

sk

T d,x : Put the address 1IN X
: WHILE te daerxr s not ZHRO
whille do:

Ttk 0O,x

lbeq foud eot
; DO couit the ders

inc Cauter

nx

bra whille do
; BNDO
Toud eot:

BE\DAHILE the dar is not NULL
Restore the ragisters

pulx

rs
BE\D subroutine "‘cout emQr”
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Constant Data Definitions

Program Element Program Example

Main program ; Costant data area in ROM

constants and STRING: OB "This 1s a styrirg ",NULL

strings. RESLLT:- OB ""The nunber of daeracters is $°,NULL
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‘ Variable Data Allocation

Program Element Program Example
Variable data area : Varisble data area in RAM
origination. CRG  DATA
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Example 8-2 Include Files

0000

0000
0000
0000
0000

Summer 2008

1 ; include.asm

2 ; Demonstration of the use of include files

3 ;

4 include "y:\hcl2\casm\includel.h"

5 ; This is the includel.h file

6 ; A useful include file 1s one which defines

7 ; commonly used constants

8 EOT: EQU 04 . End of transmission
9 CR: EQU $0d ; Carriage return

10 LF: EQU $0a ; Line feed

11 include "y:\hcl2\casm\include2.asm"
12 ; include2.asm

13 ; This 1s the second include fTile

14 ; You can have source code and macro
15 ; definitions.
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Example 8-2 (cont)

16 ; Here i1s a macro definition
0000 17 MU100: EQU 1199 ; Delay loop counter
0000 18 $MACRO Delay_100

19 ; Macro to delay 100 microseconds for the A/D start up

20 psha ; save the A reg

21 Idaa #MU100

22 loop: deca

23 bne \@loop

24 pula ; restore the A reg
0000 25 $MACROEND

26
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‘ Example 8-3 Assembly Language for
a Sequence Block

Example 8-3 Assembly Language for Sequence Block

. EE S I A e A e e e i
’

; DO_A

Comments describing the function of this sequence block

-

& B & B (Assembly language code to do the function)

ENDO_A

. ko o e
I

-
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'Decision Element Assembly Language
Program (Example 8-4)

Pseudo-code design:

Get Temperature
IF Temperature > Allowed Maximum
THEN
Turn the water valve off
ELSE
Turn the water valve on
ENDIF Temperature > Allowed Maximum
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I[F-THEN-ELSE Assembly Lang. (Example 8-4)

AD_PORT: EQU $91 ; A/ID Data Port

MAX_TEMP: EQU 128 ; Maximum temperature

VALVE_OFF: EQU O ; Bits for valve off

VALVE_ON: EQU 1 ; Bits for valve on

VALVE_PORT: EQU $258 ; Port P for the valve
ldaa AD_PORT

cmpa #MAX_TEMP
bls ELSE_PART

ldaa VALVE_OFF
staa VALVE PORT
bra END_IF

ELSE_PART:
Idaa VALVE_ON
staa VALVE_PORT
END_IF:
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Example 8-5

For each of the logic statements, give the appropriate M68HC12 code to set the
condition code register and to branch to the ELSE part of an IF-THEN-ELSE.
Assume P and Q are 8-bit, signed numbers in memory locations P and Q.

A. IFP>=Q
B. IFQ>P
C. IFP=0Q
A ; IF P >=Q

Idaa P

cmpa Q

blt ELSE_PART
B. ;c IFQ>P

Idaa Q

cmpa P

ble ELSE_PART
C. ; IF P =0

ldaa P

cmpa Q

bne ELSE_PART
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Example 8-6

For each of the logic statements, give the appropriate M68HC12 code to set the
condition code register and to branch to the THEN part of an IF-THEN-ELSE.
Assume P and Q are 8-bit, signed numbers in memory locations P and Q.

A. IFP>=Q
B. IFQ>P
C IFP=0Q
A ; IF P >=Q

Idaa P

cmpa Q

bge THEN_PART
B. ;c IFQ>P

Idaa Q

cmpa P

bgt THEN_PART
C. ; IF P =0Q

ldaa P

cmpa Q

beq THEN_PART
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Assembly Code for a WHILE-DO
Example 8-7

Pseudocode design.

Get the temperature from the A/D
WHILE the temperature > maximum allowed
DO
Flash light 0.5 sec on, 0.5 sec off
Get the temperature from the A/D
END DO
END_WHILE the temperature > maximum allowed
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AD_PORT: EQU $91 ; A/D Data port

MAX_ ALLOWED:EQU 128 ; Maximum Temp
LIGHT ON: EQU 1

LIGHT _OFF: EQU 0

LIGHT_PORT: EQU $258 ; Port P

b

ldaa AD_PORT

WHILE_START:
cmpa MAX_ALLOWED
bls END_WHILE

ldaa LIGHT_ON

staa LIGHT_PORT ; Turn the light
jsr delay ; 0.5 sec delay

|daa LIGHT_ OFF

staa LIGHT_PORT ; Turn the light off
jsr delay

ldaa AD_PORT

bra WHILE_START
END_WHILE:
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Assembly Code for a WHILE-DO

0006
0008
OO0O0A
000D
OO0OF
0011

0014

0016

0018

9601
SA24
160018
9600
5A24
160018

9670

20EA

3D
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17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

(Example 8-7 cont)

: DO

; Flash light 0.5 sec on,

ldaa
staa
JsSr
ldaa
staa
JsSr

0.5 sec off
LIGHT_ON
LIGHT _PORT ; Turn the light
delay ; 0.5 sec delay
LIGHT_OFF
LIGHT _PORT ; Turn the light off
delay

; End flashing the light

; Get the temperature from the A/D

- END_DO

END_WHILE:

ldaa

bra

AD_PORT

WHILE_START

; END_WHILE the temperature > maximum allowed

; Dummy subroutine

delay:

rts
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'DO-WHILE Assembly Language
(Example 8-8)

Pseudocode design

DO
Get data from the switches
Output the value to the LEDs
ENDO
WHILE Any switch is set
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DO-WHILE Assembly Language

(Example 8-8 cont)

1 ; 68HC12 Structured assembly code
2 ; DO-WHILE example
3 ; Equates needed for this example
0000 4 SW PORT: EQU $28 ; The switches are on Port J
0000 5 LEDS: EQU $24 ; The LEDs are on Port H
6 ; - - -
7 ; DO
8 DO_BEGIN:
9 ; Get data from the switches
0000 9628 10 Idaa SW_PORT
11 ; Output the data to the LEDs
0002 5A24 12 staa LEDS
13 ; END_DO
14 ; WHILE Any switch 1s set
0004 F70028 15 tst SW_PORT
0007 26F7 16 bne DO_BEGIN

17 ; END_WHILE

Summer 2008 ELEC 2220 Computer Systems — V. P. Nelson



DO-WHILE Example

One of the most common structures found in assembly language programming
Is a loop controlled by a counter. Show the pseudocode and the structured
assembly code to do this.

Pseudocode design:

Initialize the counter for 26 repetitions
DO

The things that need to be done
ENDO
WHILE the counter is not equal to zero
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Example

Structured assembly code:

1 ; dowhl2.asm

2 ; Equates needed for this example
0000 3 COUNT: EQU 126 ; Need to do loop 26 times

4

5 ; Initialize the counter for 26 repetitions
0000 C61A 6 Idab #COUNT

7 ; DO

8 DO _BEGIN:

9 ; The things that need to be done

10 ; - - -

11 ; END_DO

12 ; WHILE the counter is not equal to zero
0002 0431FD 13 dbne b,DO BEGIN ; Decrement the counter

14 : and branch 1f not zero
15 ; END WHILE
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