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iMC 6803 Register Package:

8 bits

8 bits

16

bits

16

bits

16

bits

16

bits

16

bits

8 bits

8 bits

acc. A

acc,.

B

accum. A

accum. B

index register X
index register Y
user stack ptr. U
hardware stack ptx.
Program counter PC
direct page reg. DOP
CcC

cond. code regq.

combined accum. D

feil 1 Ffoil
MC 6809 Condition Code Register:
[y 6 5 4 3 2 1 0 bit Mo.
E F H I N Z v c flags
0 1
(e no with carry or borrow
V: no with magnitude overflow
Z: not is Zero
N N: not is negative
I: enable disable normal interrupts
H: no with half carry
F: enable disable fast interrupts
E: part full register stacking



Pt meEmory

# 3=bit data transfer
¥ use accumulator

caory contents Iu

1

tocation

N e - PR N .
SEADY e D3R gl TR

0410 6A

0411 12
Instructions:

LDA $0410

STA $0411

Memory contents after execution:

load data
transfer to new loc.

loc: 040F ??
0410 6A
0411 6A

¥ Memoxry contains
x Memory contains

Let' s translate our

LDA $

510
BS

B?

L

G4

L]

foil £

program Lo be egosuwbed
pProgram:

we need extended addressing

{ three bytes)

R V. .
HERRCER 1 WS-8 VLT T 3

vy

{ three bhytes)

Now let's load it into memory:

loc:

03FF

0400

0401

0402

0403

0404

0405

??

Bé6

04

10

B?

04

11
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Second programming problem:

Add the first 15 integerxs

Constraints:

¥ program starts at loc. $0400
¥ result stored into loc. $0420

Possible programming solutions:
(expressed in a Pascal like syntax)

VAR

Count : INTEGER; to count repetitions
EndVal : INTEGER; +to end repetitions
Sum : INTEGER: to calculate the sum

-—> WHILE <condition> DO <body>

Sum: = 0; Count:= G;

WHILE Count < Endv=i DO BEGIH
Count: = Couni + 1;
Sum := Sum + Counts

END;

-=> FOR dGtecstzive condition> DO <body>

Sum: = 0;
FOR Count:= 1 T0 EndV¥al DO
Sun: = Sum + Count:

g LM e sttt o W & flemocd 2

foil 6
Second programming problem:

—-=> REPEAT <body> UNTIL <conditiown>

Sum:= 0; Count:= EndVal:;
REPEAT
Sum := Sum + Count;
Count:= Count - 1;
UNTIL Count = 0;

--> let's program this for MC 6809

Data:
Sum -—> Joc. 30420
Endval --> loc. %0421
Count -=> loc. %0422
Program:
CLR $0420 Sum: = 03
LOA $0421 Count: = EndVal:

STA $0422
toop LDA $0422
ADDA $0a420
STA $0420

Sum: = Sum+Count:;

LDA $0422 Count:= Count-1;
DECA

STA $0422

BNE Loop UNTIL Count = 0;



Second programming problem:

~~>» Now let's translate it:

loc.

U400 7F 04
0403 B6 04
0#d6 B7? 04
0409 Bé6 04
040C BB 04
040F B7 04
0412 B6 04
04i5 4&A

0416 B7 04

¥ e have 4o

contents

20
21
22
22
20
20
22

opcode

CLK
LDA
5TA
LDA
ADDA
STA

foxl 7

addressing mode

extended
extended
extended
extended
extended
extended
extended
inherent
extended

relative diestance

hence: $04158 - $040% --> 80012
¥ owom hpoosth Toednogeeed o
e moommnn s D ORFEEE
¥ zigned ohe K R It sl
15 8 ) 0 bit Hn.
HXHX HXXH {dist. )
041A 26 EE BHE relative

Ffoil

Second programming problem:

Handcoding or assembly language?

Are

there zny problems with handccd~+=~?

zasy to malke mistales, nobhodw checks!
address calculationsallocaticn tedious

Jjust Imagine you want to change.....

What is Assembly language?

easicr to create and mcdify a program

easier to read and understand than
handcode

sywbolic machine instructions (opcodes)
symiciic identifiers foxr registers
symuulis address identifiers {labels!

assemblexr directives for extra services
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Faex Gl w0l Maauiids ASoomuads . Ascsemhler source line Fformat:
fhe assem:. er is a computey program: Each source line may have up to & fields:
o {label> <operation> <operand> <{comment>
# reading lines containing the source
language of a MC 6809 assembler program Label field:

# translating source language into machine starts in column 1, if with:

lunguege Jow Lo O 42028 microprocensor % {starl) : --» comment line
producisnyg an winotated Lizaing ol LLo Y7 Tagpace ) =-> label field is empty
program identifier : --> label symbol

--> ERROR

# producing a symbol table output

Operation field:

- hi sod
MC 6809 > machine  code follows label field with 1 blank minimum
source code -> -> listing
assembler -> symbol tabie opcode (machine instruction mnemonic)

pseudo (assembler directive)

From where does it read? macro call (evaluated body inserted here}

Where does it store the information?
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Lwerrand £3..04:

=20 LR Y Bloanl o miunvimem

ot DL A DT

5 Depunido 0l i Yo mIy

#¥ nothing
spenif lestions

{ address modes)

M¥oompaais e

¥ numeric constants,
exXpressions

symbols,

Comment field:
after operand field with 1 blanit minimunm
¥ optional but essentiall!!!
¥ comment flow of program

¥ opcode explanation is useless...

Identifier:

foil

Bl Rl crats St

¥ composed with:

Tottawre A
numbers 0
undexrscors

-7  gnd oz
-9

# First character must be a letter

¥ upper/lowexr C

ase letters are distinct

¥ first six characters are significant

¥ reserved identifiers:

"A", "B", "D"
"X, YT

"u", "sT

npp "

nogn

IIPC", "PCR"’

- accumulators

- index registers

- stack pointers

- direct page regq.

- condition code reg.

"¥" - program counter
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Assembly language elements:
Constants:
¥ decimal constant, (0 ~ 9
-32768 <= N <= 32767
¥ hexadecimal constant, (0 - 93, (A& - F)
0 <= N <= $FFFF
¥ octal constant (0 - 71
0 < N <& 177777
¥ binary constant {0 - 13
n o= N ¢= %1117111111111111
# characier constant, A5CII characicx
prefir~ad with " " ( apostrophe )
Opcodes:
¥ omnenorns Too st e dnstruction

( CLR, DEC, ateo. )

~ T .

opcodes @adl weulios instructions

L] - L |

operands

Assembly language elements:

Assemblier directives: (or:

are inwtiructions to the assembler!

¥ module identification
{ NAM. END )}

¥ origin control

( ORG )
¥ listing control
( ERR, OPT, PAG, SPC, TTL:
® daia yencracion and st
¢ FnP, FDB. FCC, RMB ¢
% symbol definition
{( EQU, REG, SET )
¥ object code control
{ RPT, SETDP 1}

¥ conditional assembly

( 1Fs Lirhs iire, 1FNC, ELS5E,
¥ macro definition

¢ MACKU, WLuP, ENDD, EAITH,

SEE:
manual Ffor more details ...

STTL )

cul I

EHDM 3

chapter V of TSC 6809 Assemblerx

foil 14

pseudo coflcs)

~ge ryeszyvaltion

*
J
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Assembly language elements: Acsembly language elements:
Expressions: Expressions:
¥ an expression is a combination oi: ¥ relation=l operators:
symbols constants = equal
operators parentheses < less than
* ithmetic operato > greater than
ari 2 TS
P < not equal
+ unary or binary addition {= less than or equal
- unary or binary subtractiocmn >= greateyry than or equ=li
* 1ltiplication
m? _lP et ¥ operator precedence:
division

parenthesized expressions
unary + and -~

¥ logical operators:

& dogival ahi shift operators
logicali UR multiply and divide
H 10glGes WaY bhinary add and subtract
. . relational operators
¥ shiflt opevaioarss

+ogical NOT
>2 liad i X iohaw logical AHND and OR
<X shift leit
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MC 6809 addressing modes:

operand . . rmat

no cperzud
ERpIZEessSLOYD
{{enpressiomn>
> {expressior
[ cexprecsiciv |

{oyrmoaaaiamd 7
:

Clpnprassion . B
> expressiornw . R
{accumulator’> .,

[ <expression>,R 1

{ <expression>,R]
>[ expressiorw,R]
[ <accumulator>, @]

# <expression>

{register list)
with: R
and : Q

5 u
S u

MC 6809 addressing mode

[ ]

accumttiator and inherent
direct, extendsd, relative
forced direct

forced extended

srnvended indiveset

intdened
2-%it oficet indensd
16=-bit oFfsel andeyred

accum. oafifset indoyrald

indexed indirect

same with., 8-bit oldfsst
same with 16-bit ofifset
same with accum. ollset

auto increment by 1
auto increment by 2
auto increment indirect
auto decrement by 1
auto decrement by 2
auto decrement indirect

immediate
immediate

X Y PC PCR
X Y

Second programming problem:

Foil 18

Program our problem in assembly lancuage:

NAM

Add Ffirst 15 integers

¥ Define begin of program area:

ORG
Start CLR
LA
STA
Loop LDA
ADDA
STA
LDA
DECA
STA

BNE
7727

$400
Sum
EndvVal
Count
Sum
Count
Sum
Count

Count
Loop

Sum:= 0;
initialize count

accumulated sum
add loop count
save it

re-load count
next iteration
save it

repeat until =zero
and now what?

¥ Define begin of data area:

ORG
Sum RMB
Endval FCB
Count RMB

END

$420
1

15

1

to contain sum
initial loop value
to contain count



¥ Define begin of data area:

ORG $420
RMB 1
FCB 15
RMB i

Sum to contain sum

EndVal
Count

END

ol 19
- . = - L
B - . Ioitoalien anoooonyg T
A1 AT Ty B Constraints:
e ooegrera siasts alt
- - ka - ? ¥
P Ny L F - Lt Rk
Wil C e "
LDA End¥=i anditialize cousi ORG $10
2 a :
Loop STA Count SEVe Curxeanl oount
ADDA Sum accumuia bzl sun Sin RMB 5
STA Sum save it ORG $200
LDA Count re~load count
DECA reelh dterstion init CLRA
BHE Loop vepeat until zerc ETA Bin
SWI monitor oall STA Bin+l
FCB Rosy return to Nosy 5TA Bin+2
STA Bin+J

STA
SHI
FCB 0

Bin+4

initial loop value
to contain count

END Init

Ffoil

i ST v
eid s AET T

data area
reserve 5 bytes

pProgram area

zero array "Bin”
Binftl)
Bin(2)
Bin(3)
Bin(4)
Bin(5)

return to Rosy

2¢
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Third programming problem:

Now let's use indexed addressing

Structure:

-->

Bin

Init

Looup

FOR <iterative condition> DO <body>

FOR Index:= 1 TO 5 BO
Bin [Index] := 0:

NAM Initialize an arxay

ORG $10 data area

RMB 5 reserve 5 bytes
ORG $200 program aresz
CLRA zero array "Bin"
DX #S our index

57TA Baim X zero next element
LEAaY 1.Y step index

CMPX  #E all done?

BHNE LGop | if not

SWI else ~-> 2osy
FCB €

END Init

Third programming problem:

Structure:

foil 22

-=2 FOR <{dterative condition> 0 <hody>

FOR Index:= 5 DOWMTO 1 DD
Bin [ Index]l

NAM
ORG

Bin RMB
ORG

Init CLitA
LDX

Loop STA
LEAX
BNE

SWI
FCB

EMD

0;

Initialize an array

$10
5

$200

#5
Bin-1,X
-1, X
Loop

Init

data area
resnrve 5 bytes
rrogram area

~ere array "Bin"
largest index
zero next element
step index

if not done

else --> Rosy
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809 effective addressing oo

WN}

B e A
Xz LS

V53

effective address

23 thae adufess go sditdilsdy ol o s

2 .

the MC 58C0% micxoprxecessor foxr It ¢

cperation

we use <{ear as abbreviatiorn

inherent addressing

,,,,,, L Lo = P I

P T N )

-~> 25080 &A

i 2SR TR . - [ "xE R E
AL L VE cradia T oen A0 il e Lo
e LU T
, ” U
LI | v

COnE

LDX &0 el i3 BE
Loy ke 30 o Lo
SRR Z ﬂ G

&
et

effective w dryrese i1s 1n Rprogram

. ,
et g eg s mom e e
SOoELTer LoonT L

decoded

et e e hoan

Foil

£R2% effective addressing modes:

--7> extended addressing

“AdAdrnee ~F Aaty follows operatioe
code

LDA $042Z1 --> 0400 B6
0401 04

0402 21

D e R fe moryhe -3 am
PRI URE R N LRI G T R T R .
code
-=> Pi-pst addressing
v I . B T . S
Chagead & ois Oal dil itk e . . 4‘.’—\“ o — .J‘L'::; »
. . T S ol B R,
(VIR S DY R v P Y 3 e o e R
. . =2 . . A
PUSTIRISRIEI E AW I X S iy R e

Al

~ $0010 %400 97

0401 10

L2

assume direct page register

ea> --> 05 10

cvonteiits of accum. A is stored
memory address 0510

into

Zh

contains 0F
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ML 680Y efrective addressiilg modes: MC 6809 effective addressing modes:
~-3 inf: xed addressing post byte: addressing mede:
Lese register --7 register to bhe used 0RR n mnmnn 5-hit offset
for <ear calculation 1TRR C 863 0 autoincrement by 1
1 RR I 8 001 autoincrement hy 2
P R AT 2 Y mrmmgtart oniuve o ) ‘ . B - . .
FUR O O T R A € auvtudsoremsat Iy
aomteonts 2f aoecum. , " o e s . .. .
i Ot B C A aulcgearem=nt Dy 7
S ‘;’«-r\ 13 M-E 'F_\ - L™ . N N . " - “
R T WA iz ¢ = WA U ey o Giilaok
i R 43 101 sccunwiotor B oofTosl
pus < byte wwr Lyhe foolowinyg cpoode ILROR IR A qocumulinator & ofFact
defines the indened I RR I 10900 8-bit offset
addressing mode 1 RE I 1001 16~-bit offset
I RR I 1011 accumulator D offset
¥ the effective address is calculated l xx I 110020 PC with 8-bit offset
using the contents of base register l xx I 1101 PC with 16-bit offset
and the offset ( if specified ) l xx 1 1111 extended indirect
- e .. 1
¥ for indirect indexed addressing mode —~———— address mode field
the effective address 1s used to read
the word at the memory location it is indirect field with
pointing to and use it's contents as 0 for direct mode
final effective address 1 for indirect mode

registexr field with

00 for X register
01 for Y register
10 for U register
11 for S register
xx dor’ t care



Tndeasd o

- N e E “,_:'-,'Q"‘-;f? i ‘G"'I"( o

STA Bir. ¥

ox:
STA Bin-1.X
{ead> -->

or:
LEAX 1,X
ead -->

Foild

nLnr AY

RNy AT 1)

AN
BT

loc. 0402

0400 A7
0401 OF (0 00 0 11113

contents of register X
signed 5-bit offset in
post byte

0400 30
0401 01 (0 00 0 oOOL)

contents of register X
signed 5-bit offset in
post byte

27

Ffoil 2¢

Indexed addressing:

~=y accumuiatcer offselt from base w¢jimte
¥ the effective address 1s calcoculsat=d

by adding the signed contents of

P ) R b e [ (] N T
A RAea tA A T M L . LE oAt a e Lr A DRI .
S T W . B

- . E R T N R

O . el . I e .
S e Vi e

to handle lookup tables
Example:

Assume we are reading a character from
a terminal in ASCII format and have to
convert it Ffor Further processing.

He use the value of the ASCII characte:
as an index into a table containing the
conversion value:

LDX #Table code table base address

LDB CHAR ASCII character code
LDA B,X corresponding ccde
Note: ASCII begins with code "00"!
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MC 6809 effective addressing modes:

~-->» program counter relative addressing

*

#*

this addiess mode is impiied Iox
conditional. branch instructions:

we are branching to an instruction
that is "some locations" away from
where we are

the branch instruction contains a
constant signed displacement that
is added to the program countexr
when the branch is taken

Follouinng the same principle there
in gmotber Jrodousd addressing mode:

coneLeatt offset
from
cyogram countexr "

foil 20
MC 6809 effective addressing modes:
Indexed addressing:
-=> constant offset from program cror o

¥ the effective address is calcoulated

A

by adding the signed offset to the
contents of the program counter

the offset is either ar R-hit or a
16-bit offset, there is no special
E—-bit or accumulator ~*%fset

the assembler will calculate the
offset 1if we desigirave (he address

to be "program counter relative"
using "PCR":
LEAX L-Value,PCR

this addressing mode is very useful
to write pousition-independent code.



MO 8309 efifective addressing . ul5!

Indexed addressing:

N . 4 R e " e e B e ey rmae e e - -
s auw e 0oyl F  wid toanorensnt

STD ~--S 0400 ED
0401 E3 (1 11 0 0011)
ead =-=-2 contents of register 5

decremented by two

assume: accumulator D contains: praz
stack pointer 5 contains: G40
location 0500 contains: EF
before:
ico: Lzt E§~1 T =wtack pointexr $§
e
O4FF 2?72
04FE 27
aftter:
)
loc: 0500 EF |
04FF 02

0&4FE 01 {~-- stack pointer §

MC

G809 offootiaon

o st d e rraaoant
LDD
{ear
assume:
before:
loc: 0500 EF
04FF 02
C&FE 0l
after:
loc: G500 EF
O04FF 72
0&4FE 27

Indexed sddressing:

Foil 37

= dressing modes:

S avteSnoremont

0400 EC
0401 E1 (1 11 € 2961)

csontents of =+ ‘=ter S
incremented by two

accumulateor D cont~ ~s: gong
steck pointer S «:ctains: 04FEF

{-- stack pointer S

{~- stack pointexr S

and accum. D --> 0102
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Lol LG I - — ) -~
L - A
LI ] X . - [ P, R R I | - AN S . 1
. o) SEZ RTINS o LUBnILAVE Ll PSS B P
A . - , - o
s yiven interval {allow 16-bit integors)

P

Conetyaints:

¥ write it as a subroutine

¥ opwaegram shnots o0 ool 5300
Farameter: ars at icc. $0H00
loc.  <contents mEEniag
0600 IntBeg --> start of interval
0602 IntEnd -~> end of interval
0604 SumInt ~-> resulting sum
Convention:

accumulators A and B are free For use

Structure:

~=>

FOR diterative condition> DO <body>

SumInt: =
FOR Count:
SumInt: =

0-

= IntBeg T0 IntEnd DO

SumInt + Count:;

AN

fdd "HY

AddlLoop

IntBeg
IntEnd
SumInt

foil 34

Courili programming problem:

sopseeutive integers:

TTL
STTL

ORG

oLR
CLR
L0D
3iD
ADDD
STD
LDD
ADDD
CMPD
BLS
RTS

ORG

RMB
RMB
RMB

Subroutine AddInt
Add "N" consecutive integexrs

$400 program area
SumInk SumInt:=z 0@
SumInt+1
IntBeg start of interval
) save current count
SumInt accumulated sum
SumInt save it
S++ re-load count
#1 step to next value
IntEnd over interval end?
AddlLoop no, continue
yes, simply return

$600 parameter area

2 begin of interval
2 end of intexrval
2 sum of integers

There is at least one error!

I



i
Ul

Tirst error:

we do net verify the interval.

mer simnly Sy

o LBe o e LiUTENG

second erxrror:

we do not check the carry bit
after adding the next number
to detect number overflow

but what to do in case of error?

= Jjust give up

- tell user on display and
return to Rosy

- return an error indication
and allow calling program to
decide.

-y
T S
UEI N S
-
L] et Mkl e 3 r’h T '_A, —— b e e i g A - et
L U Nt I I T p 1 .
veala s L DOUCa Yo dnoa i Rl BHE LT .

of a given intexrval {allow 16-bit intogorae)
Constraints:
¥ wraite 1L as a subroutine
¥oprovram < Devte ot Moo, 204600
* parumeters srs 2t loc. 302600
loc. contents meaning

0600 IntBeg --> start of interval
0602 IntEnd --> end of interval
0604 SumlInt --> resulting sum

Convention:
accumulators A and B are Ffree for use
EFrror handling:

on return accumulator B will contain
a completion code as followus:

0 --> no error
1 --> IntBeg > IntEnd
2 -=> sum too large for l1l6-bits
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Fourth programming problem:
Structure:
IF ddnterval bad> THEN
{return with code 1>
ELSE BEGIN
{initialise sum to zerxro>
FOR <iterative condition> DU BEGIN
‘{add sum and count>
IF <result too large> THEHN
<eturn with code 2>
ELSE
{update sum*
END
{return with code 0>

END

foil 38
Fourth programming problem:

Add "H" consecutive integers:

TTL Subroutine AddInt
STTL Add "N" consecutive integers

ORG $400 Program area
AddInt CLR SumInt SumInt:= G:;
CLR SumInt+1
LDD IntBeg start «f interval
CMPD IntEnd <= interval end?
BLS AddLoop yes, no error
LDB #1 no, set code
JHMP AddExit and exit
AddLoop STD --5 wave count
ADDD SumInt accumulated sum
BCC AddOk if sum fits
LDB #2 else set code
LEAS 2,5 and clear stack
BRA AddExit and exit
AddOk STD SumInt save 1t
L.DD S++ re-load count
ADDD #1 step to next value
CMPD IntEnd over interval end?
BLS AddLoop no, continue
CLRB yes, say no error

AddExit RTS

and simply return
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Type of subroutine parameters: Type of subvouline sarameters:

~-> VALUE parameter -=2 Subroutinre or Function paramoter

"yvalue" <f tle porone ber the address of & subroutine r~~—

Ffunction is passed to the subroutine

Example:
Example:
numbers, characters, value of P
eHpressions Ascume we want to write - < ihroutine

integrating a function ovzr inter-

restricted to be an "input only"
val [ A, B 1

parameter for the subroutine
. The subroutine thereforiz must obtair
o VARIABLE paramater Iunction values £x) T r values of

L

"address” of the parameter is passed in the interval T A. 3 I

CALL Integrate { T ~ctionAddress,

ValueA, ValueB,
aldi.ss 0 . .oadialde, startasddress ResultAddress )
of an array ’

Example:

# only the address of the function

"input” sod < ox "output" parameter .
is passed

for the subroutine
¥ the parameter definition for the

Call a subroubline Lo itnitialise an . .
Tunction is unknown!

array oi & guvsn size to zero:

CALL Init {ArrayAddress, SizeValue)



PEOCL . s0r regasiers

o kavs ©oand slmple

Colimited by the number of registers

"

iy

vewit s b Fou ot progrsguming prohlem

) e I S G - . Db L
-3 LRI t 3 eI TR i i L

dedicated memory localions { mail box )
¥ associated with the subroutine

¥ calling program places input in =and
retrieves output from the mailbox

¥ address has to be Known by caller

¥ mailbox must be in RAM
(coordination problems )

This method was used in our fourth
Programming problem!

foil 42

R et b S A TIE S U2 o & ot TR b Ralol ol

-—» parameter aresas

)
#

R

assoclated mith the calling program
base address is passed to subroutine
using a register

peseibhias Yo uwre 1T for Aifteront

: T .

B T B AU VL E RS S ¥

+ “_

G e Vomroeah et

of parametexrs

parameter area must reside in RAM
{coordination problems)

"in-line" parameter area is a special
case { 1.e. return address is address
of First parametexr )

Example:
BSR Init initialise an array
FDB Bin address of array Bin
FCB 5 size of array Bin
- next instruction
Note: Should only be used, if the

parameters are "constant"
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5
-

s

USSR B R
sbas.  uriented poramster passing

are "mushed” on the systen

< parameters

stack prior to epalling tae subroutine

- .
. D B e s Sen o) 3
R o i i - * . e P B

! =+oelt Aver Elon! )

PROBLEMS:
% order of pushing must be defined
¥ space for output parameters
¥ addressing of parameters

¥ who "cleans" the stack?

Example:

LDA
STA
LDX
STX
BSR
LEAS

#5 push size of Bin
#§Bin
--S
Init
3,5

push address of Bin

get it initialised
remove parameters

Momy: ~ gefFiniticon and oo
¥ macro assigns a nam2 Lo on ; !
segquence
¥ use of the ner» causes aooo anls
insert the instruction seaguorzs xl
YOUY Drogram
- - Taglomp. © macre ha oo oo :

complensnt ol

macro defination:

"

TwoClcemp HACRO

COMD

COMA

ADDD

EHDiA
¥ use ol macro:

LDD Valuel

TrioComp
STD Value?

complo

to

trio’

bo

oot e o

ot lons hierto
IR
g oo T
complasmntad
compl Ll
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Macro and parameters: Define macro with parameters:

¥ macros allow parameter substitution --> TwoComp compute 2's complement of

¥ parameters are indicated in the body by: first a?gument and store
result into second argument
&1, 82, ... , 89
¥ macro definition:
thus allowing up to 9 parameters
TwoComp MACRO
¥ these ' formal' parameters are replaced

by the ' actual' parameters used in the LDD &1 number to complement
macro call CCMB complement: l?w byte
COMA complement high byte
MACHAM <par. 1>, <{par.2>, ... , {paxr.?’ ADDD #1 now twe' s complement
STD 82 store 2's complement
NOTE:
¥ macros must be defined before ENDM
thicy are used ¥ use of macro now:
K LOCEL diie w. .o noc supported! TwoComp Valuel, VYalue2
¥ number ol aogues.chs used in a NOTE:
HACGLL Codm ew oL e d g ¥ we expect to ohtain two memory
Y 9
SEE: addresses! ( Why? )
chapter VIl oi 7o o080% Lfsseunler ¥ there is an error in the macro!

manual For more details ...
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Macro definition - Conditional assemblyp: Mocros -~ theiv adusy imge sunl disniivoiiiorl
MON - macro for ROSY monitor requests Advontages of macros:

. . ¥ shorter source prograns
¥ define range of monitor requests

¥ once debugged -->

MonMin EQU 0 lowest request
] code error Iree whenever use=d
MonMax EQU 46 highest request
MonStop EGU 1 stop execution ¥ easier to implermont chonges
SPC 3 } v
¥ user interface same, but macro lLody nay
¥ defiine macro to handle monitor rzguzsts changs { useful in collabor~"ions J
MON MACRO ¥ extend or clarify instructicn set
MonPar SET g1 get request numker
A sl L padalieter is vaaid Niendrantoges of macros:
IF MonPar MonMin . . . :
‘ ¥ macro is expanded every time it 1s usa:
ERR too small for Rosy
- may waste memory
MonPar SE: MonStop
ELSE ¥ single macro may gemerate lot of

IF MonPoar, SonMias instructions
ERR too Tayqge for Rosy
MonPar SET MonStop { registers, flags )
ENDIF
ENDIF
¥ generate the monitoxr call
SHI
FCB MonPar
ENDM

¥ macro call might have hidden effeocts...



ey e e e e s e —_— - —

foil 49

_—— e VU

7 RN N ® .
TS G TR AN (LA WS Aod c e LT E
srople 1o bid integer ayithaslic o tha
PR RAS e -
- -

-

wze of the Floasy monilor syolten.

Program development ghases:

for a detailed discussion see:

John F. HWakerly

Microcomputer Architecture and
Programming, chapter 12

John HWiley & Sons, Hew York, 1981

~-s Program develcocpment pbhases:

¥

Problem d~Ffipition
( Purpose of the program )

Requirements analysis

RS R T Woicia s [N LD ) SPE U S R

N PR S N SR
coooanpulo. suiipats, connonds

Design
-> programs equal algorithms
plus data structures
~> bottem-up / top-down development

{ Program, modules, interfaces )

Documentation
~> self documenting code

Coding
-> coding rules

Testing and debugging
-> bottom-up / top-down development
use of debug monitor

Maintenance
-> bug correction, new features,
functional improvements
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prompt wuser for Iixs! operand

ko - . [T ST
PRESESNv O AUSBda LU U e i el

chome e o sooooe? aoasmeand
- bl EFTTTE > i e o

FEESFRvT+)

top-down design strategy:

- main module with processing
loop calling other modules

- module to read an operand

- module to read an operator

- module to add two integers

- module to subtract two int=gers
- module to multiply two integers
~ module to divide two integers

- module to handle error messages

a3l

}{

ATY-L

A R A
Lec--Gip.
*

3

¥

*

3

InOn

OutOn
PCRLF
Hrite
Declord

¥

MON

FLOXY

SET
SET
SET
SET
SET

foil 5:

- A e —

ame for variables

Jedt-hand argidezio,

P ' -
CEOThvE e Aamdd oo
Lo L ATdE AT AL L
P o
S DA TR S R S s

Jecoded opevshor
1 --> add

2 --> subtract

3 -=> multiply

4 --> divide

monitor calls

12
13
27
35
0

open primary input

open primary output
write CR LF

general print rout.
format for decimal

define monitor call macro

MACRO
SWI
FCB
ENDM

|



Proiect:

¥

Calcul

W—Loop

Calcul

- a simple

Toil 53

de=it caleuvistcr

Begin of main program

MON
MON

InOn
Outln

open input
open ocutput

read left-hand argument

LDX
STX
JSR
LEAS

read

LDX
STX

TN
LRI

LEAS
read

LDX
STX
JSR
LEAS

#Arg—L
-~$S
GetNum
2,5

and decode

#Dec—0per
--S
Caltlpor

2,%
right-hand

¥hrg--it
~-~-95
GatMom
2,5

Push addiress
read number
remove param=ter
operator

push address
read operator
remove parameter
argument

push address

read numher
remove paremeter

Projeci: Caleul -

Structure:

-=> IF <operator> EQ
ELSE IF <operator> EQ
ELSE IF <operator> EQ
ELSE IF <operatoxr> EQ

foil 54

& simple desl calculator

ELSE <call errox>

-—-> CASE <operator> OF

LI
[
) *T
l/l’ :
ELSE:

{call
{call
{call
{call

{call

END of case

add>
sub>
mul’>
div>

erroxr’

¥

)

*'

/l‘

THEN
THEN
THEN
THE¥

{call =dd>
{caltl subd
all muly

ol daw



Project:

Structure:

-=>
ELSE
ELSE
ELSE
ELSE

-=-> CASE

4

s 1 B
ol Bh

cailcul - a simple desq vaiculoior

IF <{dec. opexr>
IF <ddec. opexr>
IF <dec. opexr>
IF <{dec.oper’

{call erxror>

{dec. opex> OF
{call add>
{call sub>
<call mul’>

{call 4divw

EQ
EQ
EQ
£Q

ELSE: <ecall wroons

END of case

[

W

THEN
THEN
THEN
THEHN

<call
<call
<call

wcali

add>
sub>
mul>

Qivy

Project:

¥

C—Table

C—Add

Calcul -

foil 5¢

4 simple desk calculator

decide which routine to call

LDA
DECA
ASLA
LDX

P

case table with

FDB
FDB
FDB
FDB

CALL

LDX
STX
LDX
STX
LDX
STX
JSR
LEAS
BRA

Dec—-0per

#C—Table
TA.X]1]

C—Add
C—Sub
C-Mul
C——Div

decoded opwoirator

word access
case table addr.
case 'ezment jum

element addresse:

integer add
integer subtract
irnteger multiply
integer divide

I-Add{Axy L, Axg—R, Res-Val)

fRes—-Val
-=-5
#Axg-R
-=-5
#Arg—L
--5
I-Add
6,5
C—End

push result addr
push Arg—R addr.
push Arg—L addr.
call processor

remove parameter
skip other elem.



LDB
MON
MON
LBRA

#Decloxd

Wxrite
PCRLF
W—Loop

Tmrmes b

spac,

display recult
Tollow with 0P
and restart

insert library routines

LIB
LIB
LIB
LIB
LIB
LIB
LIB

END

GetHum
GetOpex
InError
I-Add
I—-Sub
I—Mul
I-Div

Calcul

LF

¥ 0On stack:

%
*
¥#

Erpidoss
Phata
Read

GetNum

*
NumExit

*
NumPrompt

address T =

G '!' T T

return aldiress

WA

mom o
~ i -

U

LDX
MOHN
.DB
MON
TSTB
BEQ
MON
BRA

STX
RTS

FCC
FCB

Z EULOE MRHL e

25 print line

36 gen. read rout.
#NumPrompt

PData prompt for number

#Declord read 16-bit int.
Read

successful?
NumExit yes
ErrMess no, give message
GetNum try again

[2,51] store result
and return

"type argument: "
4 EOT character
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Project: Calcul - a simple desi zalculalor Multiply two 16 bit numbers:
3 2 3 % I-Add - add two 16 bit numbers *
P b3.3.3. multiply two 16 bit numbers
¥ On stack: *
b address to store number ¥ On stack: address to store result
% address of right-hand op=rand X address of right-hand opsusnd
% address of left-hand operand % address of left-hand co~vand
* return address * return address
¥ ¥
. ¥ On exit: 32 bit result stored
* FLOXY monitor calls: *
Print SET 26 print line, CR, LF L-Value RME 2 multiplicand
* define parameters: R—Value RMB 2 multiplier
Result RMB 4 32-bit result
L-Arg SI7 2 cifset fecm S-iey Upp-ls EQU Result urver werd
R—Aiy CI7 % viisaet fovia 5-rey Low—1l6 QU Result+2 Iumer word
E—~Valu SET 6 offset from S-regq *
x Upper SET 0 upper byte
I-Add LDX  #ASaPrompt ;ower SET ! lower byte
MON Print send message % Picture:
LDD #0 dummy result %
%
AddExit STD  (E-Vaiu.$1 store result x < 32 - bit result ¢
' ¥ < Upp—1l6 > < Low—16 >
RTS and return
* 3 upper lower upper lower
b
AddPrompt FCC "I-Add: rot yet implemented” % n e 1 n+2 n+3
FCB & EOT character x
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Multiply two 16-bit humbews Toore . - Multiply two 16-bit ~wsbers oont. I:
L—-Arg SET 2 offset from S-reg %
R—Arg SET 4 offset from S-reg ¥ multiply L—Value(upper} ¥ R—Value(lom?
E—Valu SET 6 offset from S-req ¥
* Mul—1 LDA L—Value+Upper
Mul—-32 LDD [L—-4rg,S1 value multiplicand LDB R—Value+lower
STD L—-Value keep it local MUL
LDD [R—Arg,S1 value multiplier ADDD Upp—l6+Lower adds ' middle’
STD R—Value keep it local STD Upp—l6+Lower
CLR Upp—lé6+Upper BCC Mul-2 carry?
CLR Upp—16+Lower INC Upp—16+Upper yes. incr. upper
* *
¥ multiply L—Value(low) % R—Valuellow) ¥ multiply L-Value(upper) x R—Value{upper)
* ¥
LDA L-Value+lower Mul—2 LDA L-Value+Upper
LDB R—Vaiuve+iLower LDB R—Value+Upper
MUL MUL :
STD Lotw—-16 ADDD Upp—l6+Upper add result upper
X STD Upp—16+Upper
¥ multiply L~value{low) x R—Valuelupper) ¥*
X ¥ store final result
LDA L—Value+i oreyx *
LDBE R—=Value~ iuperx  LEAX [E-~Valu,S5 ] result address
MUL STD X++ store upper
ADDD Upp—l16+iower adds upper LDD Low—16+Upper
STD Upp—16+Lower STD 0, X store lower
BCC Mul-1 carry? RTS

INC Upp—i6+Upper ses, incr. upper






