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AnotherExampleof anAssemblyLanguageProgram

� Add theoddnumbersin anarrayof data.

� Thenumbersare8-bit unsignednumbers.

� Theaddressof thefirst numberis $E000 andtheaddressof thefinal number
is $E01F.

� Save theresultin avariablecalledanswer ataddress$0900.

Startby drawing apictureof thedatastructurein memory:

0xE000

0xE01F

 5
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 8

 6

11

 4

SUM ODD NUMBERS IN ARRAY FROM 0xE000 TO 0xE01f

Treat numbers as 8−bit unsigned numbers
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Startwith thebig picture

0xE000

SUM ODD 8−BIT NUMBERS IN ARRAY FROM 0xE000 TO 0xE01f

0xE01F

START

Process
Entries

Init

Save

Answer

Done
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Add detailsto blocks

Init

Done

0 −> Sum

Addr −>

Pointer

0xE000

SUM ODD 8−BIT NUMBERS IN ARRAY FROM 0xE000 TO 0xE01f

0xE01F

4

5

1

8

6

11

START

Process
Entries

Init

Done

Save

Answer
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Decideon how to useCPUregistersfor processingdata

Init

Done

0 −> Sum

Addr −>

Pointer

0xE000

SUM ODD 8−BIT NUMBERS IN ARRAY FROM 0xE000 TO 0xE01f

0xE01F

4

5

1

8

6

11

Pointer:  X or Y −− use X

Sum:  16−bit register
      D or Y

      No way to add 8−bit number to D
      Can use ABY to add 8−bit number to Y

START

Process
Entries

Init

Done

Save

Answer
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Add moredetails:Expandanotherblock

Init

Done

0 −> Sum

Addr −>

Pointer

SUM ODD 8−BIT NUMBERS IN ARRAY FROM 0xE000 TO 0xE01f

0xE000X −>

0xE01F

4

5

11

8

1

6

Process

Entries

Init

Get

Num

Even?

Inc

Pointer

Add Num

to Sum

More

to do?

No

No

Yes

Yes

even:

loop:

START

Process
Entries

Init

Done

Save

Answer
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More details:How to tell if numberis odd,how to tell whendone

START

Process
Entries

Init

Init

Done

0 −> Sum

Addr −>

Pointer

Done

Save

Answer

SUM ODD 8−BIT NUMBERS IN ARRAY FROM 0xE000 TO 0xE01f

0xE000X −>

0xE01F
How to test if even?

LSB = 0 − check LSB of memory

How to check if more to do?

BRCLR 0,X,$01,even

If X < 0xE020, more to do.

 4

 5

 1

 8

 6

11

CMPX  #$E020

BL0 or BLT   loop   ?

Process

Entries

Init

Get

Num

Even?

Inc

Pointer

Add Num

to Sum

More

to do?

No

No

Yes

Yes

loop:

even:

Address in unsigned, use unsigned compare

BLO loop
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Convertblocksto assemblycode

Init

Done

0 −> Sum

Addr −>

Pointer

LDY #0

LDAB  0,X

ABY

INX

START

Process
Entries

Init

Init

Done

0 −> Sum

Addr −>

Pointer

Done

Save

Answer

SUM ODD 8−BIT NUMBERS IN ARRAY FROM 0xE000 TO 0xE01f

How to test if even?

LSB = 0 − check LSB of memory

How to check if more to do?

If X < 0xE020, more to do.

BLO    loop

BRCLR 0,X,$01,even

BRCLR 0,X,$01,even

Process

Entries

Init

Even?

Inc

Pointer

Add Num

to Sum

More

to do?

No

Num
Get

Yes

even:

loop:

Yes

No

BLO   loop   

X −>  4

 5

 1

 8

 6

11

LDX #ARRAY

CMPX   #ARRAY_END

0xE000   ARRAY

0xE01F   ARRAY_END
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Write program

;Program to sum odd numbers in a memory array

prog: equ $0800
data: equ $0900

array: equ $E000
len: equ $20

CODE: section .text
org prog

ldx #array ; initialize pointer
ldy #0 ; initialize sum to 0

loop: ldab 0,x ; get number
brclr 0,x,$01,skip ; skip if even
aby ; odd - add to sum

skip: inx ; point to next entry
cpx #(array+len) ; more to process?
blo loop ; if so, process
sty answer ; done -- save answer
swi

DATA: section .data
org data

answer: ds.w 1 ; reserve 16-bit word for answer

� Important:Commentprogramsoit is easyto understand.
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The assembleroutput for the aboveprogram

� Note that the assembleroutputshows the op codeswhich the assemblergeneratesfor the
HC12.

� For example,theop codefor brclr 0,x,$01,skip is 0f 00 01 02

1 00000800 prog: equ $0800
2 00000900 data: equ $0900
3
4 0000e000 array: equ $E000
5 00000020 len: equ $20
6
7 CODE: section .text
8 0800 org prog
9

10 0800 cee000 ldx #array
11 0803 cd0000 ldy #0
12 0806 e600 loop: ldab 0,x
13 0808 0f000102 brclr 0,x,$01,skip
14 080c 19ed aby
15 080e 08 skip: inx
16 080f 8ee020 cpx #(array+len)
17 0812 25f2 blo loop
18 0814 7d0900 sty answer
19 0817 3f swi
20
21 DATA: section .data
22 0900 org data
23 0900 0000 answer: ds.w 1

9



EE 308 Spring 2002

The map file for the aboveprogram

� Notethatthemapfile showsyouwhereyourcodeanddatawill go,andhow muchroomthey
will take.

� Thevalueof all namesareshown.

� Theaddressesof all labelsareshown.

Map of sumodds.h12 from link file sumodds.lkf - Thu Jan 31 21:19:43 2002

Segments:

start 00000800 end 00000800 length 0 segment .text
start 00000900 end 00000900 length 0 segment .data
start 00000900 end 00000902 length 2 segment DATA
start 00000800 end 00000818 length 24 segment CODE
start 00000000 end 0000011e length 286 segment .debug

Modules:

sumodds.o:
start 00000000 end 0000011e length 286 section .debug
start 00000800 end 00000818 length 24 section CODE
start 00000900 end 00000902 length 2 section DATA

.11 00000000

.12 00000008

.13 00000013
answer 00000900
array 0000e000
data 00000900
len 00000020
loop 00000806
prog 00000800
skip 0000080e

Symbols:
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THE
�

STACK AND THE STACK POINTER

� Sometimesit is useful to have a region of memoryfor temporarystorage,
whichdoesnot have to beallocatedasnamedvariables.

� Whenwe usesubroutinesand interruptsit will be essentialto have sucha
storageregion.

� Sucha region is calleda Stack.

� TheStack Pointer (SP) registeris usedto indicatethelocationof thelastitem
put ontothestack.

� Whenyouputsomethingontothestack(pushontothestack),theSP is decre-
mentedbefore theitem is placedon thestack.

� Whenyou take somethingoff of the stack(pull from the stack),the SP is
incrementedafter theitem is pulledfrom thestack.

� Beforeyoucanuseastackyouhave to initialize theStackPointerto point to
onevaluehigherthanthehighestmemorylocationin thestack.

� For the HC12usea block of memoryfrom about$09C0 to $09FF for the
stack.

� For this regionof memory, initialize thestackpointerto $0A00.

� UsetheLDS (LoadStackPointer)instructionto initialize thestackpoint.

� TheLDS instructionis usuallythe first instructionof a programwhich uses
thestack.

� Thestackpointeris initializedonly onetime in theprogram.

� For microcontrollerssuchasthe HC12, it is up to the programmerto know
how muchstackhis/herprogramwill need,andto make sureenoughspace
is allocatedfor thestack.If not enoughspaceis allocatedthestackcanover-
write dataand/orcode,whichwill causetheprogramto malfunctionor crash.
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Thestackis anarrayof memorydedicatedto temporarystorage

0x09FC

0x09FF

0x09FE

0x09FD

0x09FB

0x09FA

0x09F9

0x09F8

0x09F7

0x09F6

0x09F5

0x0A00

0x0A01

0x0A02

0x0A03

SP

D

X

Y

PC

A B

CCR

SP decreases when you put item on stack

SP increases when you pull item from stack

           placed in block

For HC12 EVBU, use 0x0A00 as initial SP:

STACK:   EQU   $0A00

         LDS   #STACK

SP points to location last item
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An exampleof somecodewhichusesthestack

Stack Pointer:  

 

    Initialize ONCE before first use

    Decreases when you put something on stack

    Increases when you take something off stack

(LDS #STACK)

0x09FC

0x09FF

0x09FE

0x09FD

0x09FB

0x09FA

0x09F9

0x09F8

0x09F7

0x09F6

0x09F5

X

SP

A

          lds        #STACK

          pshx
          psha

          clra

          
          CODE THAT USES A & X

          pulx
          pula

0x0A00

         org 0x0800
CODE:     section  .text

STACK:  equ   $0A00

          ldaa      #$2e
          ldx        #$1254

          ldx         #$ffff

    Points to last used storage location
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