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MC 6809 Register Package:

8 bits

8 bits
16 bits
16 bits
16 bits
16 bits
16 bits

8 bits

8 bits

acc. A a00.

acoum. A

acoum. B

index register X
index register Y
usexr stack ptx. Y
hardware staek px. l_;
program countes M .
direck page ey, WP

cond. ee@e rég.

combined accum. B

foil

foi
MC 6809 Condition Code Register: :
6 5 & .3 2 1 0 bit No.
E F H I N z v c flags
0 1
3f no u%th carry or borrow
Z: no with magnitude overflew
N. not is Zero
I: not is negative
: enable disable no¥mal interrupts
r: no with half carxy -
! enable disable Tast interrupts
E: part Full : staoks

registex staoking



Frest Procaamming PRoBLEM! FresT Procamming Peotiem:
+ MEMOLY ConTAINS DiTA

DVE ¢o NTS MORY LOoCATION SOVRCE ($0410
M NTE OF ME Y Lo l (* ) ¥ MEMORY (ONTAINS PRAGWEAM T EXECUTE
INTD MEMORY LocATION DESTIN  ($041)

* 8- BIT DATA TRANSFER LETS TRAVILATE Oul PRoGLAM:

+ USE  mccumuLame A LDA SoUREE  wE NEEd exTewd®s AWK - Jpyig
S
MEMORY LoNTENTS SEFORE ERECUTION ! — 86 9479 (3 8ymws)
i?;!?ﬁ‘: “3‘5&%“ STA DESTIN WE NEEd EXTENDED ADDR-$94):
@40F |27 - 47 B¢ W0 (3 eyres)
P41@ | A | Souace NOW LBTS LoAD T nTD MEMOLY:
@4 1) 1 | pESTIWV ADDRESS BYMEOLIC
. —
£ |2
JNSTRUCT ONS ! g3F 12| aARGAGE
LDA SouWCE % LoAD DATA FomM 4P 4D fesa (€0 DA
STA DbESTIV FTRANSPER TO *oqn Pag1 |94 SOURCE ADDRESS
492 |19
MEMORY CoNTBNTS AFTER EXECUTION: P4p3 |87 STA
Loc: P49F __13- b4ty |4 DESTIN ADDRESS
¢4.¢ oA ” SOURCE ¢¢HP c il
¢4|| bA | PESTIN
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Second programming problem:

Add the first 15 integers

14
Constraints: SvM » ZL

i
¥ program starts at loc. $0400 ~START

¥ result stored into loc. $0420-RESuLY

Possible programming solutions:

(expressed in a Pascal like syritaxl

VAR

Count : INTEBGER; to count repetitions
EndVal : INTEGER:; +to end repetitions
Sum INTEGER; +to ealeulate the sum
-=> WHILE <condition> DO <body>

Sum: = 03

Count:= 0;
WHILE Count < EndVal DO BEOGIN
Count:= Count + 1;

Sum := Sum + Count:
END;

-=> FOR Jiterative condition> D8 @edy>
Sum: = 0;

FOR Count:= 1 TO0 EndVal DO
Sum: = Sum + Count:

SEconDd PRoGRAMMING PﬂosLEM:
~p REPEAT LBODY? UNTIL £ ConDITIOND

Sumis @, CounT t e GwWbVAL;
REPENT

Sy

Miz SUM + COUNT

COUNT {8 COUNT -~ |
UNTIL  CounT = @

- LTS

DATA
Y
end

CIOGRAM !

ooP

pin.,adM FoR 6809
UM —» Loc. $420
Jyh —» woC. $4¢ 2
LANNT =B LoC. ¢4 322
[ SUM SuM:= @
ibf EnNOVAL CounT !z EwDVAL
STA COVNT
DA CounNT SUM: = SUM+ CounT
ABDDA SUM
STh SUM
DA CoYNT COUNT c COuNT = |
DEcA
STA CAuNT
wNE  LooOP UNTIL CouNT= 8
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Second programming probleﬁ:

-> Now let's translate it: (OPCOD",LRS!B)

loc. contents opcode addressing mode
0400 7F 04 20 CLR extended SUM
0403 B6 05 21 LDA extended PHIVAL
0406 B7 04 22 STA extended COUNT
0409 B’ 04 22 LDA extended ¢oynT
040C BB 04 20 ADDA extended SumMm
040F B7 04 20 STA extended S$VM
0412 B6 04 22 LDA extanded COovNT
0415 4&4A DECA inhervent
0416 B? 04§ 22 STA extended CouNT
¥ we have to compute the relative distenag
hence: $041B - $0409 --> $00iz |
¥ we braneh backuards
hence: - $00]12 ~->» @FFEE
¥ signed shorxrt or long braneh ?
15 8 7 & 0 bit Ne.
HERX HHRX X dist.)> ;
1
i
%
0419 26 EE BNE relative :
448 ..

W A W b

I, i

A vaixTion oF Secons PRogeam:

. :Elbhs L

SuM
K PRy
DNTH .
K - §$p423
PROC]R*I"‘:
£ SumM
DA  EwWbVAL
STA CouUnT
OB P DA  CounNT
[ ADOA ¥
AMDA SumMm
STA SUM
DA CounT
DECA
STA CouNT
@NE Leoof
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EXAMPLE — ¥

F\..ow DiAGRAMS - E)(AMN-FS

. < E = MAX (F) C‘, H')
oM = 34 < "':f'w‘“'o
INTEG &RS
LDA F F
CMPA G <l
WS exmi
LA & THEN
m w
BT oA ten
BHS @exM
oA o THeN
121 p Y
STA° €

20 , | 21
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toil
Second programming problem:

BuggLe SeeT

Handcoding or assembly language?

ri;i;rq Are there any problems with handooding?

¥ easy to make mistakes. nebody checks!

wiML e Ve
L_—*”“”“ ¥ address calculation/allocation tediou

¥ just imagine you want to change.....

What is Assembly Language?

¥ easier to oreate and medify a program

¥ easler to read and understand than
handoode

¥ symbolic machine instruetions (opeedes
¥ symbolic identifiers ¥eor registers
¥ symbolic address identifiers (3ldbels)

* assembler directives for ewtra servidf




foi.
Flex MC 6809 Mnemonic Assembler:

The assembler is a computer program:

# reading lines containing the souroce
language of a MC 6809 mesembler progr:

% translating source language into machi
language for the MC 6309 miocroprocessc

# producing an annotated listing of the
Program

# producing a symbol table output

MC 6809 -> machine e
source ocode -) -> 1i§§%hj— |
assembler -> symbol %ahl

From where does it read?

Where does it store the information?

———— —— e ALALL

Each source line may have up to 4 fields:

{label> <operation> {operand> <comment>
Label field:

starts in column 1, if with:

"% (star) ==-> comment line

) L]

{space): --> lahel field is empty
identifier ;: --) label symbol

-=> ERROR

Operation field:

follows label field with 1 blank minimus

opoode (machine instruction mAemonie )
Pseudo {assemblerx direetive )

macro call (evaluated bedy inserted hay

g
» --'r*vwm#



ASS@!EID.Ler sSourca llne ftormat: Assembly language elements:

Operand field: Identifier:

after operation field with 1 blank minimur % composed with:

contents depends on operation, maybe: letters A-Z and a-z
¥ nothing numbers 0-9
underscore
* register specifications -
( address modes ) * First character must he a letter

¥ numeric constants, symbols, * uppzr/lowexr case letters are distinot
expressions * first sin characters are significant

Comment field: * reserved identifiers:
after operand field with 1 blank minimum "A", "B", wpv - accumulators
* optional but essentiml!!! "X, vyw - index registers
#* comment flow of program "y, vgn - stack pointers
¥ opcode sxplanation is useless... "DP" - direct page regq.
"CC" - ocondition code reg.%
"PC", "PCR™, "u" - Program counter

2 =3



XLOLy
Assembly language elements:
Constants:
¥ decimal constant, (o - 91}
-32768 <= N <= 32767
* hexadecimal constant, (0 - 9), (A - F)
0 <= N <= S$FFFF
* octal constant (0 - 7))
0 <= N <= 3177777
¥ binary constant (0 - 1)
0 <= H <= %l111111111111111

character constant,
prefixed with " " (

ASCII character
apostrophe )

Opcodes:

3

mnemonic for machine instruetion
( CLR, DEC, etc. )

one to one cgorrespondence between
opcodes and machine instruetiens

assembler verifies opoode and it's
operands

toil

Assembly language elements:

Assembler directives:

(or: pseudo codes)

are instructions to the assembler!

¥

SEE:

module identification
( NAM, END )

origin control
( ORG )

listing control

( ERR. OPT, PAG, SPC, TTL, STTL )

data generation and storage reservatio
( FCB, FDB. FCC, RMB )

symbol definition
( EQU, REG, SET )

object code control
( RPT, SETDP )

conditional assembly

( IF, IFN, IFC. IFNC, ELSE, ENDIF }

macro definition
( MACRO, DUP., ENDD, EXITM, ENDM )

chapter V of TSC 6809 Assembler
manual for more details ...



foxl
Assembly language elements:
Expressions:
¥ an expression is a combination of:

constants
parentheses

symbols
operators

¥ arithmetic operators:

+ unary or binary addition
- unary or binary subtraction
3 multiplication

2 division

¥ logical operators:

.4 logical AMD
! logical OR
! logical NOT

¥ shift operators:

>>  shift right
<< shift left

9

TO1 L

MC 6809 addressing modes:

operand format

no operand
{expression®
{<{expression>
> {expression>

[ <expression> ]

{ewpression),R

{{enxpressiomn>, R
> {expression’ ., R
{accumulator), Q

[ exxpression>, R}

{I {expression>.,R]
>[ <expression>, R ]
[ <acoumulator), Q]

QO+
Q++
[Q++ ]
-Q
--Q
[(--Q1

# expression>
{registex list)
with: R = § u
and : Q@ = S U

MC 6809 addressing mode

accumulator and inheren
direct, extended. relativ
forced direct

forced exntended
extended indireot

indexed

8~bit offset indexed
l6-bit offset indexed
agoum. offset indexed

indexred indireot

same with. 8-bit offset
same with lé-dit offset
same wWith aceum. offset

aute increment by 1

auto incremeht by 2
auto increment indiszect
auto dearemsnt By 1
auto decxemernt by 2 |
aute deerement indircaef

immediate
immediate

X Y PC PCR
X Y

LD M AT e T

53



Second Programming problem:

Program our

M RN g )
[ ¥ Define begin of pProgram area:

Start

Loop

NAM

ORG
CLR
LDA
STA
LDA
ADDA
STA
LDA
DECA
STA

BNE
222

toi.

+ PFEw OPWIFS

Problem in assembly language

Add first 15 integers

$400
Sum
EndVal
Count
Sum
Count
Sum
Count

Count
Loop

¥ Define begin of data area:

Sum
EndVal
Count

e ———

ORG
RMB
FCB
RMB

END

8420
1

15

1

initial loop val o@7 e
to geontain count

2 — Pass Assemery

e —————

+ ADORGSSES ARE: CXTENDED
TNVHEGCENT S)
RELATIVE (BRANCLHE
- BB PSEVDO pes
Sum:= 0; .
initialize coun SYM@oL_TARLE . - B
| [ NAME TYPE VALYG
acoumulated sunm 2 ?Fﬁ -
add loep count ‘-; . % A
save it =
re-load eount ¢ %RA ]'.' 4F TNITIALG
next itexation , ” —
save ‘it o (‘G e
repeat urtil mes COUNT L T422 +o P
and now whai? ; ﬂ’,
LOCATION CouNTR R -
‘to oontain euym " -



Rasic Rovrtives

Scan (Symeor)
SEARCH (SYMBoL, TYPE, VILUE , INDEX )
ENTER (SYMBOL, TYPE, VALVE , woEx )

eassi_1P

e s o

CASG SYMGOL of
‘orG’: LCix NuMBER (NERT-SYMEL) |
‘Rus' Leis LC+ uuussa(uer.swm.)
FeR, Curh, ‘bm
‘SWI’t LCie L+,

VEFINEF LASELS

‘RN, '8NE,... L LCis LC+A
OTHERWISE L C s'C4+3;
END CASE

PASS I LAGEL |

SYMBoL TRELE [’I‘D P]. NAME sz SYMBOL
TYPR !
« VRLVG:!x L C

YA

ENERATE
Passa PRocgouee (4 HERATE |

Passa 1P,

“iﬁe* SYMBOL OF | mece(nexT- SYME0);
‘oRe’; Pm 2 NUBeR( NEXT SYMBIL);

‘END‘. DoNF iz TEBUE

‘ret’: oeTecTPMlE NumMe ER(NEXTL
‘CLRrh . ogTECT(PTR] ‘
& mae('cuen’ 1.umvs

\akn’ :[osgecT [PTee]
&= ece[ 828" ) vinve,
o8TecT [ PRl

& TABLE(NEXTSYMBL]. VA
- PTRA|

‘LDA: oe-:m[m] '
& mhave \LdA’].VALVE

ogTecr el
& TheLE [NEXTSYMBo) . Vo

ENDCASE,

o)



oA

o « A\.W «
23t g8k ¢
AN AN

U0~ pIdarcnryede akd~u

 AeODAe0AD0 0o 490 AdqumO -les
\r.ﬁ._wpr,_”n_q__,.,pﬂ__mp,.n U
- - ﬁft?‘lﬂtb.e#d“zﬂwﬂ M
3 TTTT T Xpﬂ
3 >
<
S
3>
I k1)

T
I e 4oo -CL% vo3 =5 $06—s 409

PR |
T s

; 9

RISy T 3

me¥¥*4 > 3

| 13 |
§3 2

434 3

’ adt Y

£ 3

17|

a0

- . » [} H 0

4R



Second programming problem:

Toil

Optimize our assembly language program:

NAM

¥ Define monitor request

Rosy EQU

Add first 15 integers

0

to return to Ro:

¥ Define begin of program area:

ORG
Start CLR
LDA
Loop STA
ADDA
STA
LDA
DECA
BNE
SKWI
FCB

¥ Define begin of data area:

ORO
Sum RMD
EndVal FECB
Count RMB

END

$400
Sum
EndVal
Count
Sum
Sum
Count

Loop
Rosy
$420
1

15
1

Sum: = 0;
initielime eouni
save ouyrent “
aseumulated

save it M
re-load ¢o
next itera
repegt :
monltor
return té Rﬁlﬁ

> ‘*'—GMHA;&"‘{.AM‘L: R

to conbadh sum
1n1tiai ieowp

Third programming problem:

Toaild

Initialize an array to zero

Constraints:

¥ program starts at loc $0200

¥ array "Bin",
starts at loc $0010

Let's do it the hard way:

NAM
ORG
Bin RMB
ORG

Init CLRA
STA
3TA
$TA
STA
STA
SWI
FCB

END

5 bytes long.

Initialize an array

$10
5
$200

Bing- 0
Binel
Bin+2
Bin+3
Bin+4

Init

data ares
reserve % bytas
PEOGERR WSIeA

wexro uivay SN
Bintl)}

Bini2)

Bint 3)

Binta)

Bin( 5%}

return to Roey



Third programming problem:

TOLL

Now let's use indexed addressing

Structure:

-->

Bin

Init

Loop

FOR d{iterative condition> DO <bod:

FOR Index:= 1 TO 5 DO

Bin [ Index] :=

NAM
ORG
RMB
ORG

CLRA
LDX
STA
LEAX
CMPX
BNE
SHI
FCB

END

0;

Initialize an array

$10
5
$200

Bin, X

1,X
L L]
Loop

Init

data area

reserve 5 bytes

PYOgram area

our index

2ero next .1.-n1

step index
all done?

if not

else --)> Reay

‘Zero arrmy "Bin".

foi1l .

MC 6809 effective addressing modes:

--> effective address

is the address ultimately used by

the MC 6809 microprocessor for it's
operation

we use <ea> as abbreviation
inherent addressing

operation code specifies address
DECA ==> 0400 4A

effeotive address for DECA is
accumulator A

immediate addressing

data follows immediately operation

oode

LDX #0 -~> 0488 B8E
86581 00 -~ aw
0402 09

effeotive address is in Pxogxam
counter ence instruetieon has been
decoded

43 4



TO1d, Toi1l 2

MC 6809 effective addressing modes:

-->

extended addressing

address of data follows éperation

code

LDA $0421 --> 0400
0401
0402

effective address is

the two bytes following operation

code

direot addressing

address of data is computed using:

B6
04
21

contained in

- contents of byte after eopeede

MC 6809 effective addressing modes:

-=-> indexed addressing

base register --> register to be used
for <wa> calculation

oftset --> constant value or
contents of accum.
to be used for <ea>
caloulation

post byte -=~> byte following opcod
defines the indexed
addressing mode

¥ the effective address is ealoulated
using the contents of base register
‘and the offset ( if specidfied )

- contents of direat page tcgiétqt

L ' ¥ for indirecot indexed addreseing mode
STA %0010 > :::g :: the effeotive address is ueesd to xead

the word at the memexry leeation it is
assume direct page register ceantains ! pointing te and use it's eontents as
@a> -~> 0% 10 final effective addréss

contents of acoum. A is stored ifte

memory address 0510

/1L TNy



ioil % _ _ roLt
) ) MC 6809 effective addressing modes:
MC 6809 effective addressing modes:

] Indexed addressing:
Indexed addressing:

-=> t Ff i
--> constant offset from base register accumulator offset from base register
STA  Bin X 0400 A7 ¥ the ef?eotive anress is calculated
by adding the signed contents of
0401 88 (1 00 0 1000)
0402 10 accumulator A, B or D to the conten
of the base register X, Y, $ or U
- ist X
‘ea> ? c?ntents Of regls er' ¥ this addressing mode is very useful
+ signed B-bit offset in
to handle lookup tables
loc. 402
Example:
orx .
i : 3
STA Bin-1,X 0400 A7 Assume-we a?e reading a charaocter #yo
a terminal in ASCII format and have t
0401 OF (0 00 0 1111) . .
convert it for further Processing.
_ tex X
e > oontents e? regie We use the value of the ASCII sharegt:
+ signed 5-bit offset in )
as an index into a table eontaining t
post byte .
conversion value:
or: LDX #Table ocode table buse addre:
LEAX 1.,X 0400 38 LDB CHAR ASCII charzeoter veds
0401 61 (8 00 0 0OO1) LDA B, X correspehding code
em> --> contents of register X Note: ASCII begins with code "00"]
+ signed 35-bit offset in
post byte

A Lt



_ MC 6809 effective addressing modes:

MC 6809 effective addressing modes:

) ) Indexed addressing:
-=> program counter relative addressing

o . =-> constant offset from Program counter
¥ this address mode is implied for

conditional branch instructions: * the effective address is caloulated

we are branching to an instruction by adding the signed offset to the

that is "some locations" away from contents of the program counter

where we are

¥ the offset is ejither an 8-bit or a
16-bit offset, there is no special
5-bit or accumulator offset

the branch instruction contains a
constant signed displacement that
is added to the program counter

when the bFEHCh is taken ¥ the assembler will caloculate the

¥ following the same principle there offset if we designate the address
is another indexed addressing mede: to be "program coupter relative"
f using "PCR":

" constant offset

from LEAX L—Value, PER
Program ceounter "

¥ this addressing mode is very useful
to write position-independent sedw.

28 24






