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50FTwARKE VIEW OF COMPUTER

HARDMARE ARCHITECTURE: =
( PUNCTIONS, (OPCODES)
STATE, (REGISTER, CONDITIONS)
MEMORY, (ADDRESSING,..)

1/0 (DEVICE, MAPPING, START, FINISH)
}

FROGIANNING LANGUAGE LEVELS

PASCAL 6809
Z:m V + W; - LDA V
TRANSLATES
ADDA W
STA 3 ’

O00OO0OCOO

HEMORY - PROGRAM /DATA
PROGRAM COUNTER
OPCODES

REGISTERS

MEMORY ADDRESSES
CONDITICN CODES



! 6809 Register Package:
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accum. A

accum. B

index register X

index register Y

user stack U

hardware stack ptr. S
program counter PC
direct page register DP

cond. code reg CC

combined accum. D

MC 68

MM I-NZNGN

09 Condition Code Register:

T ——— b S e T ———— i T — . "

)

no

no

not
not
enable
no
enable
parct

disable
with
disable
full

carry or borrow
magnitude overflow
zero

negative

normal interrupts
half carry

fast interrupts
tegister stacking



FIKST YROGHAMMING PROBLENM:

SECOND PROGRAMMING PROBLEM

MOVE CONTENTS OF MEMORY LOCATION SOUKRCE (50410)
INTO MEMORY LOCATION DESTIN (50411) : B

Add the first 15 fntegers SuM = |+a+t -
« 8-BIT DATA TRANSFER
* USE ACCUMULATOR A ‘
Constraints:
MEMORY CONTENTS BEFORE EXECUTION:
* program starts at loc 50400 -~ START
» result stored into loc. $0420 - RESULT

LOCATION SYMBOLIC
ADDRESS NAME E
' Possible programming solutions: ;
—————— ! (expressed in a Pascal like syntax) ﬂ
o4O0r | 22 |
| eemmn I
0410 | 6A | SOURCE VAR
| === | Count :INTEGER; to count repetitions
0411 | 12 | DESTIN Endval :INTEGER; to end repetitions
______ Sum : INTEGER; to calculate the sum
INSTRUCTIONS:
-=> WHILE <condition> DO <body>
LDA SOURCE * LOAD DATA FROM 50410 .
STA DESTIN * TRANSFER TO $0411 Sum:= 0; Count:= 0; &Euwodl Va( P !
WHILE Couant < Endval DO :
BEGIN
MEMORY CONTENTS AFTER EXECUTION: Count:= Count + 1;
Sum:= Sum + Count;
LOCATIONS: END;
o40r [ S
|onome |
0410 | 6Aa | SOURCE

I .
0411 | 6A | DESTIN : i



SECOND PROGRAMMING PROBLENM:

-=> FOR <iterative condition> DO <body>

Sum:= 0; Pudlel ; =145
FOR Count:= ] to Endval DO
Sum:= Sua + Count;

-=D REPEAT <body> UNTIL <condition>

Sum:= 0; Count:= Kndval;
REPEAT '
Sum:= Sum + Count)
Count:= Count - 1,
UNTIL Count = 0;

--> LETS PROGRAM FOR 6809

DATA:
SUM -=> LOC. 50420
ENDVAL ~--> LOC. 50421
CQUNT ~=> LOC. 50422
PROGRANM ;
CLR SuUmM SUM:=(
LDA ENDVAL COUNT:<ENDVAL
STA COUNT
LOOP LDA COUNT REPEAT
ADDA SUM SUM:=SUM+COUNT
STA SUM
LDA COUNT COUNT:=«COUNT-1
DECA
STA COUNT
BNE LOOP UNTIL COUNT=(



A VARIATION OF SECOND PROBLEM:
SECOND FROGRAMMING PROBLEM:

~->» Now lets translate it: {( OPCODE, LABELS) k+15
i-c:-bk'.-:‘,;i
. SUM - “,y i
loc. contents opcode addressing mode k ngéh
imk+l
0400 Fr 04 20 CLR extended SUM
0403 B6 04 21 LDA extended ENDVAL
0406 B7 04 22 S5TA extended COUNT
=00y 0409 B6 04 22 LDA extended COUNT
040C BB 04 20 ADDA extended SUM DATA :
o4o0r B7 04 20 STA extended SUM
0412 B6 04 22 LDA extended COUNT K --> $0423
0415 4A DECA inherent
0416 B7 04 22 STA extended COUNT
@19 NE
‘1A . A0 PROGRAM:
—> 418 ‘
* we have to compute the relative distance
] CLR sSUM
STA COUNT
vt LOOP LDA COUN
* we branch backwards fv ________ OUNT
hence: - 50012 -~> SFFEE 'f??f---fl
e ADDA SUM
. STA M
* signed short or long branch ? F; LDA ggUNT
DECA
_____________________________ B
| xxxx xxxx | x | < dist > | NE Looe
0419 26 EE BNE relative LOGP )

1 -



Assembly lanjuage elements:

Constants:

Opco&

-

4~

decimal constants,

|
—'32768 <= N <= 32767

hexadecimal constants,

0, <= N <= SFFFPF

pctal constant

0 <= N <= RLT7777

blnary constant

0 <= N <= %¥1111111111111111

&har&cter constant, ASCII character

' .
prefixed with “'" { apostrophe

;

i
L3RI

91

9

kR

}

mnemonics for machine instruction

{ CLR, DEC, etc. }

dne to one correspondence between

apcodes and machine instructions

assembler verifies opcodes and 1t's
\

qpe}ands
I i

(A

F)

BASIC ROUTINES - ALOEMBLY PHOCESS
SCAN { LYMBOL )
SEARCH { SYMBOL, TYPE, VALUE, [NDEX !
ENTER ( SYMBOL, TYPE, VALUE, INDEX }
PA5SS! PROCFDURES { DEFINE LABELS

PASS1 1P;

CASE SYMBOL

fORG" :

‘RHQ':

I .
'ECHY,
fCLRAT,
‘nECA’, .
M3 B

‘BRA',
'.BNEI :"
CTHERWISE

ENDCASE;

-
PASS] LABEL;

or

LC:=NUMBER (NEXT SYMBOL);

LO:»L{ + NUMBER{NEXT SYMBOL);

LC:=LC + 1;

LC:=LC + 25

I.C:=LC + 3;

SYMBOL TABLE { TOP ].NAME := S5YMB0OL

.TYPE
LVALUE

L

LC

)
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DESIGN METHODS - FLOW GRAPHS

SeQuevT AL

MANAGE COMPLEXITY OF DESIGNS

STRUCTURED APPROACH TO DESIGN PASchAL
e
GAAPHICAL AIDS POR DEBIGN h

CONTROL STRUCTURES 2 sz V *w ,ﬂ g

- SINGLE ENTRY
- SINGLE EXIT ¢ T
- INDENT STRUCTURE EVR,
. ‘i ;l‘ 4 "
CORRECTNESS L J'z?g

: NOTATION

SONE ALGORITHMS

VW

62049

LDA V
AdDA W -J | e
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SuM = E?i

ey

FL.ON Diacims - E‘XA‘;“WLGS cz

<

EWN Y]

STNH"C;D

CLR SUM
DA Gwtvin
STA Count j

E

RECENT

W

EXAMPLE — |F 23

= Mmix (F, G, W)

N o
S—————— UNSIGNED

INTEGERS ‘

o ?I‘

LDA Flgy

CMPA G |

S &xmy

LDA G ¥
exr) G

CMPA | _"'lFE&;
18.:: HlE el

sTa @

C:s
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Third programming problems:
Fo _L . Now let’'s use indexed addressing
oo Structuret
‘ - TOR <iterative conditicn> DO <body>
. e,
NSRS [ . ) FOR Index:= 1 TO 5 DO
\ :hb. ! 4 K ‘ pin [Index]i1= 0}

-—>
MAR . Ieitialise an azrey :
. 2 - oma. 048 data sces - ¥
1 Bin RKD ] teserve 5 bytes
i oRag $200 Progran agrey
" Init CLRA sero acrcay "hin"
i LDX 40 our index
“ Loop 8TA Bin,X  =eco next element
8 LEAK 1,X stop lindex
H CHPX 1 1 all done ?
v BNE Leop if not
i it slse -~> Rosy
. rce 0
END Init

E




MC 6809 effective addressing mcdes:

RC68(09 effective addressing modes:
--> affective address

is the address ultimately used by --> sutended addressing
th 6 i '
op:::siogog microprocessor for it's address of data follows operatien
code
we use <(ea> as abbreviatio
° shbreviattion LDA $0421 -=> 0400 »é
0401 04
0402 21

--> inh
> inherent addressing effective address is contained in

opsration code specifies address th; two bytes fellowing opeartisn
code

DECA - 0400 4A

effective address for DECA is o

accumulator A : ~=> direct addressing

address of data is computed using:

~-=> immediate addressing - contents of byte after opcode
data follows immediately operation - contents of dicect page register
code
STA £50010 -=> 0400 97

Lbx 40 --> 0400 BE 0401 10

0401 00 «<-- «

0402 00 L L2 assume direct page register contains 0%
effective address is in program <ea> -=-> 0% 10
counter once instruction has been
decoded contents of accum. A is stored into

memory address 0510



MC 6809 effective addressing modes:

MC 6809 effective addressing modes:
Indexed addressing:

Indexed addressing: -=> sutodsctement / autoincrement
-~> autodecresent / autoincreament LDD B4+ 0400 €
sSTD --8 0400 KD 0401 £l ( 1 11 0 0001 )
0401 £) (111 0 0011 )
<sa) ==> contents of register 8§
<eay --> contants of register 8 incremented by two
decremented by two assume: accuanlator D contains: 0000
assume: accumulator D containss 0102 steek pointer 8 contains: 04PR
stack pointer 8 contains: 0809 before:
lecation 0500 contains: Br
before: loc: 0500 ‘— | 14 |
loc: 0500 BF | <-- stack pointer 8 o4rr }__ff,_,
oare T o4re l—~21__| <-- stack pointer 8
ol
© 04rs Lk B
after: aften
loc: 0500 | EF | loc: 0500 ;--E!-_E <-- stack pointer 8
vty |
oarr | 02 | odrr 1_¢33,-§
|=wmm—— odqre { ?7 | and accum. D --> 0102

|
odrs { 01 | <-- stack pointer 8

- ——



MC 6809 effective addressing modes:

~=> indexed addressing

base register -=> register to be used
tor <ea> calculation

offsat -=>» constant value or
contents of accum.
to be used for <ea>

calculation

post byte -=> byte following opcods
defines the indexed

addressing mode

* the sffective address is calculated
using the contents of base register
and the offset ( if specified )

* for indirect indexed addressing mode
the elfective address is used to read
the werd st the memory location it is
gointln, to and use its contents as

inal effective address

Third programming problenm:

Initialize an array to zero

Cons

traints:

* program starts at loc 0200

» array "Bin", 5 bytes long,
starts at loc $0010

Let’s do it the hard way:

Bin

Init

NAK
ORG

CRG

CLRA
STA
STA
STA
STA
STA
SW1
rce

END

Initislize an arcay

si0
)
$300

Bin+d
Bin+l
Binel
Bin+3
Bin+d

0

Init

data acea
resecrve 5 bytes
progras aresa

zero array "Bbin*
Bin{l)

Bin(2)

Bin(3)

Bin{d)

Bin(5)

return to Rosy

e



MC 6809

Indexed

-=>

(18

effective addressing modes:

adressing:

constant offset from base register

STA Bin,X 0400 A7
0401 880 (1 00 0 1000}
0402 19
<ea> -=> contents of register X
+ signed 8-bit offset in
loc. 0402
8TA Bin-1,R 0400 A7
0é01 or (0 00 0 1111})
{T}) -3 eentents of register &
¢+ signed 5-bit offset ia
post byte
LBAX i,x 0400 30
0401 01 (0 00 0 0OCOl)
{ Ty -—) contents of reglster X
+ signed 5-bit offset in
post byte

MC 6809 effeactive addressing modes:
Indeaxed addressing:

~-> accumulator offset from bass register

* the effective addreas is calculated
by adding the signed contents of
accusmulator A, B or D to the contents
of the base tegister X, ¥, 8, U

* this addressing mode is very useful
to handle lockup tablss

Example:

Assume we lri ro.ding a character from
a terminal in ASCII format and have to
convert it for further processing.

We use the value of the ASCII character
as an index into a table containing the
conversion value:

1 9-) ¢ #Table code table base address
LoB CHAR ASCI! character code
LOA B.X corresponding cede

Note: A3SCI1 begins with code "00" 1|



MC 6809 effective addressing modes: MC 6809 effective addressing modes:

--> program counter relative addressing Indexed addressing:

-—> constant offset from program counter
* this address mode is implied for

conditional branch instructions: * the effective address is calculated
by adding the signed offset to the
we are branching to an {nstruction contents of the program counter

that is "some locations” away from
where we are

the branch instruction contains a * the cffset is sither an Bbit or a
constant signed displacement that l6-bit offset, there is no special
is added to the program counter S8«bit or accumulator offset

when the branch is taken

» t%’ ;{; ,.10( will calculate the
* fellowing the same principle there offse : ve designate the address
is another indexed addressing mode: to be ';g Jrad counter relative”
using " e; !
" constant cffset
from
program counter " LEAX L_Value, PCR

* this .ddtos:inT mode is very useful
to write position independent code.
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D.1 INTRODUCTION

This appendix contains a com
MB809 processor.

APPENDIX D

PROGRAMMING AID

pilation
Refer to Table D-1.

of data that wilf assist you in Programming the

Table D-1, Programming Ald

Branch Instructions

[T e TT] BRE—J ]
219 _ 2119
MIT'F =17 Dencription Zjv(C | Instruction| Forve [OP] - | & Description HINJZ]VIC
[ 144 #1312 T8enchcep slele BLS BLS 230 3 [ 2 |Branch Lower ¢tjelele]s
Lece Y0 18| 4 lLong Branch ool of Seme
M Cul LBLS 10151811 4 fiong Brench Lowsr e e alels
NCs BCS BY I3[ 2([8BranchCm D 4 or Sama
Lecs Y 58] 4 [Long Branch *isle BLT 10 W01 3 [ 2 rench Jaro *le[e]e]e
) Cat LALT SO 4 fiong Bancr<cZuto Jelefafa]e
BEQ 8EQ 271 2| 2 [@rench Z=0 » o
LBEQ 10 (B8] 4 [Long Branch 2 [Wranah Mhnug *lnsfels
i 2=0 4 JLong Brinch Minus [e{ufe]e »
[ L1 BGE [ 3] 7 {nancheten _ i
LBGE 100188 4 Long Brancha Zurg 2 {Branch Ze 0 ti1alafein
L 4 [Long Braneh *iolefale
[ lc) aGT IR E Brench > Zerg £#0
LBGTY 10881 4 fLong Branch » Zerg 7 |Branch Plug *loefeje
b 4 fLong Branch Plug Sle|v (e
&H) [ 3 P2 Band dighar
L 101661} 4 [Long Branch Higher 7 {Branch Amwgys tlefe]sla
7 ] 3 l.w L DI
BHS T M1 3 72 [Brianch Higher |2 [Branch Newer elelelaTs
or Same 4 jLong Mranch Never o e, LR
LBHS 10 (58I 4 [Lang Branch Higher
| 1 ot Same . 2 (We8nch 10 Subroutine | o | [ = | » 1 e
bLE [ 11 ¥ 312 [9ranoh s Zero 3 |Long Brench 10 slefelals
LR 1080 4 fLong Branch s Zero $ubroytine
———— 2 |Manch VaQ ololotalae
2 | Branch lower 4 HLong Branch *lofejejfa
4 |Long Branch | owm Ve (}
2 [Brench Ve | s[efeleTe
4 lLong Branch slafajaje
Vel } l




Table D-1. Programming Ald (Continued)

Addressing Modes
immaediate Cirect Indexed Extonded Inherent 5i13]12{1j0
Intruction| Forme (Op [ -7 7] Op[ -] #| Op] -] #|Op] -] 7 |Op] -] 17 Description HiN[Z[v]C
ABX A1 3| 1]B+X—~xX {Unsigned) eleln|ale
ADC ADCA 82| 2l W@ a] 2] A9fda+f2+[83] 5] 3 A+rM+C—A tlefe]e]e
ADCB Co9|2| 21 094 2 ce9|a+|2+{FO[ 55} 3 B+M+C—B tfefedn]s
ADD ADOA a2} 2( 98 {4 | 2] aBla+]2+[88] 5] 3 A+M—A vl
ADDB | CB (2| 2{D0B|4 ] 2] eB|4+|2+]FB] 5| 3 8+M—~B A EEERNTN:
AGDD |c3l4a] afDajs| 2] €e3|e+f2+]F/3| 7|3 D+MM+1=D sivfefa]t
ARG ANDA M1 2 M a]2] ad]da+l2+1B4[ 5] 3 AAM=A DERDIG
ANDS Ca |2 2|/0a|d] 2] Eatd+|z2+[Faf51 3 BAM-B slilt{0]»
ANDCC |(c |3 2 CC A IMM—~CC 7
ASL ASLA gt 2| A - afala]afs
ASLB 8| 2{1 m“éo AREEEREN
ASL 8 [6 ] 2|68({6+|2+|7| 7] 2 M B g Bitfula]t
ASH ASKE a7| 2| 11 & o Bl 1Tl
ASR m.:_m“ﬂ_HBHHT@ NHAE
! ASK 07 |6 [ 2| s7l6+|2 0 72 71 3 M 7 g T Blij1is]
at 3TA a1z 2| wyal 2] aslacl2o736] 57 3 Bit Tast A (M A A} sj1{1]|0}e
_ 1M Cof2y 2 o8ta 2] s5facl2v]Fa)l s 3 Bit Tarr B (M A 8) sitf1]0]e
CLA CLAA aF| 21 1fo-aA «10f1]0]0
cLan 581 2| 1]o~m «lojr]o]lo
CLR OF 16 | 2| 6Fi6+]|z2+17F) 71 3 0--M «|o]1]o}o
CMP CMPA (8t 2] 2] o1 fa] 2] Atfa«[2+]81f 5 3 Compare M trom A alvit]e]s
CMPY crlza| 2{ot|af2lerfasf2+]lF1] 55} 3 Compare M fram B Braofede]
CMPD wlspalo|7] 31 wf7+]3¢]l0l8}a Compare M M+ 1 from D slel]eg
33 33 A3 B3
/ CMPS il 5 4 i 7 3 N7+ 3+ N 8 4 Compatea MM+ hom § alrfelsl
: 8C C AC 8C
_ CMPy " 5 4 Ty ¥ 3 M7+ 3+t 7] 8 4 Compare M M + | from U LA EREREN]
_ 43 3 A3 83
_ vn:wx sC | 4| 3|9cie| 2]ac|6«i2+|8Cl 7| 3 Compare M M+ 1 Irom X elrinfi]
L TMPY mi|s 4 91 ? 3| 0|7+ 3+) 0] 8 E Compare M M+ ? from v s tEL]
; ac 3C AC 8C i
[20M COMA Mt 210 R-a eltls]ol1
! COMB 31 2! 1 |B-8 s(t]1]0]
7, COM Blel2lealeslre|r3| 7] 3 M s|iftfaln
C VWAL TIC mX] 2 CC A MM=CC Nait tor imaerupt 7
TAA O 77 T 0scmar Aacsr & DERREE
pls DECA aal 2] 1]a-1-4 sprft]rfe
_ DECB P SAl 2] t|B-1-B R
| DEC OA | B 2| BA|B+| 2+ TA | 7 u_ LY Y ¥ ] ol {tit]e
FrQm EORA 82 2| B[4} 2] aBg[a+]2+|B8]| & @_ AW A e[1]tl0]s
: EORB )21 2f{o8 4 2l mBias]2. =) 5] 1 R M5 elrtr|ale
EAG R A2 £ |81 2 ! ARzl slalefn]a
NG NCA ¢ 2 rJavr-a slafi[s]e
; NCB 5C | 2 1/8+1-8 slti|te] e
INC XK 1a] 2] BC[B+j2+]7CI 7| 2 M+ 1M efrltltfe
TP OF 13| 2] sel3+|2+]7Ef 4] 3 EAd- PC slsfef[a]a
L AW 7| 2{ AD[7+]2+(BD| B 3 Jump 1o Subroutine s[eje]a]s
s LDA 88 | 21 2| % 4| 2| A8f4+{2+|B6| 5] 3 M--A elr|rig}e
i LDB c6|2| 2| oe|af 2| eo|acf2+]{FBi 5|3 M-a elili|ofe
LoD ccl3)afocts; 2l ec|s+|2+«lrci 8| 3 MM+ 1=D slif1]|0]e
LDS L 4] 4 W0 |6 3] 10{8+3+| 10| 7] 4 MM+1=5§ *f111]07e
CE DE £E FE
LDU CE| 3 a| e8| 2| €E{5+|2+| FEj 8| 3 MM+1—y olifi{o]e
LDX BE | 3| 3| 9 |85 2| AE|5+|2+]8E]| 8] 3 MM+1=x *ltltjofe
LDY 04 45 10 [ &) 3] 10]{6+]3+] 0 7] 4 MM+l-Y slifi1|ofe
8E 98 AE BF
LEA LEAS 324 24 ead.g elaleolale
LEAU N[a+]| 2+ EA3-y olelo|efe
LEAX W {a+] 2. EAd-x eflofriele
LEAY KBTI EAd-y ofofr|efe
Lagend: M Complement of M 1 Test snd ost if true, clesred oiherwee
0P  Operation Code (Hexadecunal) - Traneler Into s Not Attecwd
~  Number of MPU Cycles H  Haif-cerry (from Bit 3) CC  Condition Code Register
#  Number of Program Bytes N Negetive (sign bit) Concatenation
+  Anthmeuc Phue Z  Zeto (Reset) vV Logcsl or
- Anthmetic Minus ¥V  Overflow, 2's complement A togecsl and
¢ Multiply € Carry from ALU D-3 ¥ Logicat Exclusive or

"5




Table D-1. Programming Aid (Continued)

| j Adcressing Modes ! !
m : Immediate Diract Indexed! Extanded |  Inherent | # 5 |
. inetruction: Tol - |7 Opl -1 F1 0n] -] F[ O] -1 #] 00| - 4 [ Description H
LSt _ﬁ |l oz A i
5ozl m"H _.
om|6] 21 68[6«(2+] 78} 7] 3 &l | o
L5A a4 | 7 A - *
0 m m“o iL..“. | m.
L[] Ldd ked. H
M| 6! 2] 84|6+]2+| 74 1 i b7 | e
ML 30| V1] 1 [AxB= o sgred e
| NEG ] 2] T ]EL1=a s
_ ol 2| 1|Ber~8 l'a
L LBy 2 BDIBet 2. 0T 3 v IR 8
NOP 212 1 INo Operancr sle o .00
| R gal 2 | 2] 9a] a]| 21 aalasi2+]BAl 5| 3 AV M=A et 10"
I CA| 2 2 O_Ja 2| EA} «| z+p FA] B 3 BvM-—8 L. “mﬂ_m_.
‘Al 3 ]2 Tn V IMM - CC L7,
. PSH M55 2 ﬁ iPush Registers on 5 Stack Pefeateie
: %53 2 1P 5h Regisiers w0 U Grace "alacele
B[4 2 : Pull Registers trorm 5 Slack L R
37 (5+4 2 Pult Registers from U Stack . L
A9 21 1) A O b
gl 2| _ uu . RL
96| 2{08l6+|2-1 i 1) 3 i 7 : 1
L ] 2 [ 11 A . RN
! b i 2|1 m__“ — + 1
! v o8| 8] 2| e8lasj2+f 761 7] 3 < by . * L
TR J M .H ! 38 (615 1 | Return From interrupt K
.nwﬂw w qr M { M T - 1 [Retyrn frorm Subrouting s i{nlelble
e TERCA BT Z el 92(ar 2l azfastzelB2inloa Ta-M-Cc-a grrjtrh
| [SBCH 1 C2f 2 | 2| D2) 4 2| €E2]avj2+) F21 6| 3 (B-M -8 LR
TREX La < 4 T ! H | ! i} e *TGgr Extend B inio A m- 1 aoﬁ.o
i ~1W4> P T a4 i AT de 2+ BF E| 3 EREEREIY . .
| lsTm o _ D7| a4l 2| ETi4-| 2+ 3_ g1 3 B-M .
570 m | opj 5, Zjenls-laeien By 3 ! EEEERN e
_ sts b polelalols-lzelof 0] el IEESRVEVINE e
; i 1oF | EF| C
sv. Pl daelel 2l erts-ioclsel sy ol | RVEVIS .
| |ST% ; ‘ 9F m_w_pm 5+ 2+| BF| 6 w_ _ MM .
STY IR A bl . VRV .
| , 9f _. aF m+_ 3.1 BF . |
3UB [SUBA 80| z [2[® (43 2]A0 s1i-1BO[ 5] 3 A Mo A n IR
SuBE icC| 2 [2|D0f4 | z|E0tasli-jFOIS] 3 B M- “ P
suBd 83 4 1339316 2| a3i6ei241B3 7103 S-MMs1=-D e
T sw b | _ | 19 Sottwarn nerupt " e
Swizf | ; 101201 2 |Software interrupt 7 | e
: : i 3F i
Swid | 1] 20 | 1 |Sattware interrupt 3 e ey
| 3F L
SYNC : 13 24] 1 [Synchronas 10 interrupt o JeleTits
o m; F| 6 2 ir1-mz? sfeiete s
STST | TSTA 40| 2 1 1 |Tem A #11|1iG |
W 1578 501 2 1 Tes B L] T
! SN ool e 2|sojas{2+j70]| 7] 3 [Toat M s i1 (1|0 _.
1
Notes

3 R1 and M2 may be any pair of 8 bit or sny parr of 16 bit registers
The B bet regusters are: A, B, CC, COF
The 18 ba regaters are: X, Y, U, 5, 0, PC

Wm B e W

ARV A

EA 13 the alfective address
Tha PSH and PUL instructions require B Cycles plus 1 cycle for each byte pushed or puited
5(8) means 5 cycles it brench not taken, 8 cycles if taken {Branch instructions)
SWi sets | and F tits. SWi2 and SWI3 do not affect | ana F.
Conditions Codes set 88 8 direct result of the mnstruction.
Value of heif-carry fieg w undetined.

Special Case — Carry sat if b7 s SET.

T R

1 This column gives & bese cyche and byte count. To obtain total count, add the vaiues obtained {rom the INDEXED ADDRESSING MOOE eble,
in Appendix F.




Table D-1. Programming Ald (Continued)

SIMPLE BRANCHES

aQr - & SIMPLE CONDITIONAL BRANCHES (Notes 1-4}
BRA o 3 2 Test  True oP Falso oP
LBRA 6 5 3 =1 BM! 28 BPL 2A
BAN 2 3 2 =1 BEQ 27 BNE y..]
LBAN 73] 5 4 Vel BvS 29 BVC ..}
BSR 1! 7 2 C=1 BCS 26 BCC pl}
LBSA 17 B 3
S$IGNED CONDITIONAL BRANCHES (Notes 1-4) UNSIGNED CONDITIONAL BRANCHES {Notes 1-8)
Test True orP Falee oP Toat True or Fales or
r>m BGT 2E BLE ¥ t>m BHI o LS 2
ram BGE 2 BLT 20 em | 121 1 b ] BLO ..}
fwm BEQ 27 BNE % f=m BEQ 27 SNE 2
rEm BLE 2F BGT 2 rsm LS 23 { L] 2
r<m BLT 20 BGE 2 r<m 8L0 % S 24

Notes:
1. Al condional branches have both short and long vanations

2 All short branches are 2 byles and jequite 3 Cycles.
3 All conditonal long branches are formed by pretng the shurt branch opcode with $10 and using 3 16-bit destination offeet.
4 Al conditional long branches require 4 bytes and 6 cycles o the bianch 1s 1aken or 5 cycies if 1he branch is not taken.

s
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