EE 308 Spring 2002

AnotherExampleof an AssemblyLanguageProgram

¢ Add theoddnumberdn anarrayof data.
e Thenumbersare8-bit unsignedchumbers.

e Theaddres®f thefirst numbens $EO00 andtheaddres®f thefinal number
is$EO1F.

e Saretheresultin avariablecalledanswer ataddres$0900.

Startby drawving a pictureof the datastructurein memory:

SUM ODD NUMBERS IN ARRAY FROM 0xEO000 TO OxEO1f
Treat numbers as 8—bit unsigned numbers

OxEO00

[pR ol N NO NN

OXEO1F
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Startwith thebig picture

SUM ODD 8-BIT NUMBERS IN ARRAY FROM 0OxE000 TO OxEO1f

)

START

o

Init

Y

Process
Entries

Y

Save
Answer

Y

Done
-~

O0xEO000

||, |O|D

11

OXEO1F
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Add detailsto blocks

SUM ODD 8-BIT NUMBERS IN ARRAY FROM 0xEO00 TO OxEO1f

: 4
[ START] [ Init ] . OxEO000
1
8
. Addr —> 6
Init .
Pointer 11
Process
Entries 0 ->Sum
Save [ Done }
Answer
OXEO1F
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Decideon how to useCPUregistersfor processinglata

SUM ODD 8-BIT NUMBERS IN ARRAY FROM 0xEO00 TO OxEO1f

. 4
[ START} [ Init } . 0OxEO000
1
8
. Addr —> 6
Init .
Pointer 11
Process
Entries 0 ->Sum
Save [ Done ]
Answer
OXEO1F

Pointer: X orY —— use X

Sum: 16-bit register
DorY

No way to add 8-bit number to D
Can use ABY to add 8-bit number to Y
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Add moredetails:Expandanotherblock

SUM ODD 8-BIT NUMBERS IN ARRAY FROM 0xEO00 TO OxEO1f

Process X —> 4 0
, XEO00O
ESECE :
loop: 1
8
i Addr —> Get 6
Pointer Num 11
Process
Entries 0 ->Sum Yes
Save [ } No
Done
Answer
Add Num
to Sum
Inc
Pointer
% OXEO1F
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More details:How to tell if numberns odd,how to tell whendone

SUM ODD 8-BIT NUMBERS IN ARRAY FROM 0xEO00 TO OxEO1f

. Process X —> 4 OXEO000
loop: L
P 8
Init Addr —> Get 6
Pointer Num 11
Process
Entries 0->Sum Yes
Save [ J No
Done
Answer
Add Num
to Sum
Inc
Pointer OXEOQO1F
How to test if even?
LSB = 0 - check LSB of memory
BRCLR 0,X,$01,even

How to check if more to do?
If X < 0OXxE020, more to do.

CMPX #$E020

BLO or BLT loop ?

Address in unsigned, use unsigned compare
BLO loop

(o3}
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SUM ODD 8-BIT NUMBERS IN ARRAY FROM 0xE000 TO OxEO1f

Corvertblocksto assemblycode

r

~

START Init
% \ ¢ J
. Addr —>
Init .
Pointer
Process
Entries 0 ->Sum
Save E }
Done
Answer

Done

How to test if even?

LSB =0 - check LSB of memory

BRCLR 0,X,$01,even

How to check if more to do?
If X < 0OXEO020, more to do.

BLO loop

[ )RR RE_NE¢ RN

LDX #ARRAY

LDY #0

OxEOO0 ARRAY

OxEO1F ARRAY_END

Process
Entries

loop:

Get
Num

No

Add Num
to Sum

)+ even:
Inc

Pointer

LDAB 0,X

BRCLR 0,X,$01,even

ABY

INX

CMPX #ARRAY_END

BLO

loop



EE 308

Spring 2002

Write program

; Program to sum odd nunbers in a nenory array

pr og: equ
dat a: equ

array: equ
| en: equ

CODE: section

org

| dx
| dy
| oop: | dab
brclr
aby
ski p: I nX
cpX
bl o
sty
SW

DATA: section

org
answer: ds.w

$0800
$0900

$EO00
$20

. text
prog

#array

#0

0, x

0, x, $01, skip

#(array+l en)
| oop
answer

.data
dat a
1

initialize pointer
initialize sumto O
get nunber

skip if even

odd - add to sum
point to next entry
nore to process?

if so, process

done -- save answer

reserve 16-bit word for answer

¢ Important: Commenfprogramsoit is easyto understand.
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The assembleroutput for the above program

e Note that the assembleputputshowns the op codeswhich the assemblegeneratedor the

e Forexample,theop codefor br cl r

OCoOoO~NOOUIThWNPE

HC12.

0800

0800
0803
0806
0808
080c
080e
080f
0812
0814
0817

0900
0900

00000800
00000900

0000e000
00000020

cee000
cd0000
e600

0f 000102
19ed

08
8ee020
25f 2
7d0900
3f

0000

pr og:
dat a:

array:
| en:

| oop:

ski p:

DATA:

answer :

equ
equ

equ
equ

section
org

| dx
| dy
| dab
brclr
aby
i X
cpX
bl o
sty
SW

section
org
ds. w

0, x, $01, ski pisOf 00 01 02

$0800
$0900

$EO000
$20

. text
prog

#array

#0

0, x

0, x, $01, ski p

#(array+l en)
| oop
answer

.dat a
dat a
1
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The map file for the above program

e Notethatthemapfile shavsyouwhereyourcodeanddatawill go,andhow muchroomthey
will take.

e Thevalueof all namesareshown.

e Theaddressesf all labelsareshown.

Map of sunpdds. hl2 fromlink file sunmodds.|kf - Thu Jan 31 21:19:43 2002

Segnent s:

00000800
00000900
00000900
00000800
00000000

.text
. dat a
DATA

end
end
end
end
end

start
start
start
start
start

00000800 I ength
00000900 I ength
00000902 | ength
00000818 I ength
0000011e I ength

segnent
segnent
segnent
segnent
segnment

N
A NOO

286 . debug

Modul es:

sunodds. o:

start 00000000
start 00000800
start 00000900

0000011e
00000818
00000902

end
end
end

| engt h 286
| engt h 24
| engt h 2

section . debug
secti on CODE
secti on DATA

11
.12
.13
answer
array
dat a

I en

| oop
prog
skip

Synbol s:

00000000
00000008
00000013
00000900
0000e000
00000900
00000020
00000806
00000800
0000080e

10
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THE STACK AND THE STACK POINTER

e Sometimest is usefulto have a region of memoryfor temporarystorage,
which doesnot have to beallocatedasnamedvariables.

¢ Whenwe usesubroutinesandinterruptsit will be essentiato have sucha
storageregion.

e Sucharegionis calleda Stack.

e The Sack Pointer (SP) registeris usedto indicatethelocationof thelastitem
putontothe stack.

¢ Whenyou putsomethingontothestack(pushontothestack),the SP is decre-
mentedbefore theitemis placedon the stack.

¢ Whenyou take somethingoff of the stack(pull from the stack),the SP is
incrementedafter theitemis pulledfrom the stack.

e Beforeyou canuseastackyou have to initialize the StackPointerto pointto
onevaluehigherthanthe highestmemorylocationin the stack.

e For the HC12 usea block of memoryfrom about$09C0 to $09FF for the
stack.

¢ For thisregion of memory initialize the stackpointerto $0A00.
e UsetheLDS (LoadStackPointer)instructionto initialize the stackpoint.

e The LDS instructionis usuallythe first instructionof a programwhich uses
the stack.

e Thestackpointeris initialized only onetime in the program.

e For microcontrollerssuchasthe HC12, it is up to the programmeito know
how muchstackhis/herprogramwill need,andto make sureenoughspace
is allocatedfor the stack.If notenoughspacds allocatedthe stackcanover-
write dataand/orcode whichwill causeheprogramto malfunctionor crash.

11
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Thestackis anarrayof memorydedicatedo temporarystorage

SP points to location last item
placed in block

/]\ SP decreases when you put item on stack
SP increases when you pull item from stack
0x09F5 -
0x09F6 For HC12 EVBU, use 0x0AQO as initial SP:
OX09F7 STACK: EQU $0A00
LDS #STACK

0x09F8
0x09F9

A B
Ox09FA

D |
0x09FB CTTTTTTTTTTTTTTTTTTTme
0x09FC X
0x09FD

Y
O0x09FE
Ox09FF SP
0x0A00

PC
0x0A01
0x0A02 CCR
0x0A03

12
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An exampleof somecodewhich usesthe stack

Stack Pointer:
Initialize ONCE before first use (LDS #STACK)
Points to last used storage location
Decreases when you put something on stack

Increases when you take something off stack

% STACK: equ $0A00
Ox09FS CODE: section .text
0x09F6 org 0x0800
0x09F7 lds  #STACK
OXO9F8 ldaa  #%$2e
ldx #$1254
Ox09F9 psha
OX09FA pshx
clra
0x09FB ldx HPFff
0x09FC CODE THATUSES A & X
0x09FD pulx
pula
0x09FE
OX09FF A
0x0A00
X
SP
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