











THE ASSEMBLER 3.6

FLAG: A boolean variable which can be set, so that later a determination can
be made based on its value.

FILE: A collection of data stored in some memory device. This can be the
computer’s memory, a disk or a tape. On magnetic media, a file name is usu-
ally associated with the file.

HEXADECIMAL: A number system based on the number 16 (base 16).
Numbers 0 through 9 and letters A through F are used. The letters represent
decimal numbers 10 through 15.

IMMEDIATE ADDRESSING: Addressing mode in which the byte(s) fol-
lowing the op code contains the value to be used. LDA #$F0 will cause the
accumulator to load an $F0 value.

INCLUDING: Inserting a file contained on disk as if it were physically sit-
ting at the include statement. IN'S is this system’s include reserved word.

INDIRECT ADDRESSING: Addressing mode in which the specified
address contains the address which will be used.

JUMP: Causes the program to begin execution at the specified location. Var-
ies from branch in that it uses absolute rather than relative addressing.

LABEL: Used in assembly and most higher level languages to allow the pro-
grammer to reference a part of the program. In assembly language, the label
will stand for an address in memory.

LOAD: The act of bringing information from some long-term storage device
such as disk to the computer’s memory.

MACHINE CODE: Almost synonymous with assembly code. Usually refers
to the binary code which the computer directly executes.

MACRO: In assembly language, a segment of text which can be later refer-
enced and thereby inserted as part of the code. Usually accepts parameters.

MCL FILES: Static or relocatable load files generated by the Micol Macro™
assembler.

MEMORY LOCATION: The same as a byte. Can be thought of as a little
box in the computer containing a piece of information.
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3.6 THE ASSEMBLER

MEMORY MANAGER: A ROM based program that supervises the use of
the computer’s memory.

MICOL SYSTEMS: A dynamic software house founded almost simultane-
ously in Southern California and Ontario, Canada in 1983. Dedicated to qual-
ity systems software, MICOL is the acronym of Micro Computer Languages.

MNEMONIC: A collection of characters which can help you remember
something. ‘JMP’ stands for jump and represents $4C in machine code and is
a mnemonic for it.

MODULARIZATION: The act of breaking your program into small, easily
maintainable parts. While little overhead is involved, it greatly minimizes the
maintenance costs.

MONITOR: A program which interfaces the human with the machine code
in his computer.

MONITOR/SHELL: The human interface portion of Micol Macro®.,

OCTAL: A number system based on the number 8 (base 8). Digits 0 through
7 are used. A 10 in octal is decimal 8.

OP CODE: Short for operation code, the second field in a 6502/65C02, 65816
assembly line which instructs the CPU what action to take.

OPERAND: The address field following the op code.
PASS 1: In an assembler, the phase in which all addresses are resolved.
PASS 2: In an assembler, the phase in which the code is generated.

PROGRAM: A collection of instructions designed to perform (a) specific
action(s).

PSEUDO OP CODE: Instructions which resemble operation codes, but are
usually designed to instruct the assembler what action to take.

RADIX: The base value of a numbering system. The radix of the decimal
system is 10.

REGISTERS: Memory locations within the CPU having special features not
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found in memory. Without registers, your computer would be worthless. In
the 6502/65C02 microprocessor, the 5 registers are:

A accumulator — virtually all mathematics are performed here.

X register — mainly used for indexing

Y register — mainly used for indexing

Status register — condition flags based upon certain operations are kept here
Stack pointer — points to location in page one

The 65816 has additional registers. They are:

Data Bank Register: The bank number from which data is usually accessed.
Program Bank Register: The bank portion of the program counter.

Direct Page Register: The 16 bit register which points to the beginning of
direct page.

Accumulator B: The MSB of the 16 bit accumulator.

In addition, there are the memory select and index register select bits in the
status register as well as a shadow emulation bit.

SAVE: The act of storing all or part of a computer’s memory to some long-
term storage device.

STATUS FLAGS: Bits within the status register which are set or unset by
certain conditions. The status flags in the status register are: zero, sign, mem-
ory select, decimal, index register select, interrupt, overflow, break and
carry. All “decisions” are based upon the status (0 or 1) of these flags.

STRING: A collection of characters. The ‘STR’ pseudo op is used by the
Micol Systems’ assembler to declare strings, e.g. ‘THIS IS A STRING’.

STRUCTURED PROGRAMMING: A systematic approach to the creation
of software by using a step-by-step procedure for solving the problem. It con-
sists of a smooth program flow, modularization of code, etc.

TOGGLE: To change state from on to off and back again.
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3.6 THE ASSEMBLER

ZERO PAGE: The area in memory between locations @ and 255 in bank
zero. The zero page is extended to direct page on the 65816 and can occupy
256 bytes anywhere in bank 0.
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INDEX

A

ABS pseudoop 37, 39, 80
Address field 30, 33-34
Addressing modes 53
absolute 33, 41, 54
absolute indexed 55
absolute indexed indirect 59
absolute indirect 58
absolute long 60
accumulator 53
direct page 33, 37,54, 55
direct page indexed 55
direct page indirect 57
direct page indirect long 60
immediate 53,55
implied 56
indexed absolute 55
indexed indirect 57
indirect indexed 58
relative long 57
relative short 56
stack absolute 59
stack direct page indirect 61
stack program counter relative 61
stack relative 61
stack relative indirect indexed 62
APPLE key 13
Apple Ile iii, v, vii, 13
Arrow keys 15
ASC pseudoop 38, 80
Assembler 27, 87
ASSM 2, 27,66, 83
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3.6 THE ASSEMBLER

Automatic label generation

Backward label, see LABBK.
Bank, memory 48, 60-61
Bank zero ix, x, 30, 41, 55
Batch 2,77,83
BIN type file vi
Binary notation 34
BLOAD 3,66, 83
BLOCK COPY 17,25
BLOCK MOVE 17,25
Break point see BRK
BRK 4,29,52
BRUN 3,83
Buffer,
overflow 19, 64-65
macros 44
editor 19,26
BYT pseudoop 38, 80

CATALOG 3,83

CHN pseudoop 45, 46, 80

Clock 12

Closed-Apple key, see OPTION key
Comment field 30, 35

Comment lines 30

Conditional assembly 47
Configuring your printer 22
CONTROL-C 2,6,21
CONTROL-R 1
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CONTROL-S 1,6,21
CONTROL-X
CONTROL-Y 4,83
Control Panel 12, 15, 22, 23

Conversion, decimal and hexadecimal 24

COPY 4,83

Copy block 17
CREATE 4,83
Current filename 10
Cursor, moving 15

DEA 53

Decimal to Hex Conversion 24
DELETE 4, 14,83

DELETE block 17,25
DELETE key 1,14

Direct Page Addressing, see Addressing modes, direct page.

Direct Page register x, 58
Directory 3, 83

EDIT 5,9,83
Editor 9, 89
Edit buffer 19
E]JT pseudoop 44, 80
ELS pseudoop 47, 80
EMU pseudoop 49, 80
EOF marker 20
Emulation mode,
switching to native from 48
EQU pseudoop 36, 48, 80
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Error messages,
assembler 64
ESCAPE key 13
Example program 67
Exit to Shell 9
EXP pseudo op 42, 43, 46, 80

F
FIND String 18, 25
FORMAT 5,77
Forward label, see LABFW

G
Global label, see Label, global

H

HELP
Editor 13,25
Monitor/Shell 5, 83
Hexadecimal 24, 89
Hex to Decimal Conversion 24
High-order,
bit 34
byte 34
HOME 6,83
How to assemble 66
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I

108 pseudoop 49, 80

116 pseudoop 49, 80

IFF pseudoop 47, 80
Immediate addressing 50, 51, 53
INS pseudoop 46, 80

Index registers 50

INSERT 13

Insert file 20

JMP
absolute 33, 59
long 33

JSR
absolute 33
long 33

LABEL 29

Label, generation 31
Label, global 32
Label, local 32
LABBK label 31,80
LABFW label 31, 80
Least significant byte 34
Line counter 11
LIST 6,83
LOADfile 19,25
LOCK 6,83
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Long addressing 33, 60
Low-order 34

LST pseudoop 27, 44, 80
LWD pseudoop 39, 80

M08 pseudoop 51, 80
M16 pseudoop 51, 80
MAC pseudoop 43, 81
Machine language Monitor 84
Macros,

definition 43

expansion 64
MASTER.FILE viii, ix
MCL file wiii, 2,41, 89
Memory available,

editor 10

macro buffer 64
Memory Manager x, 29, 41, 90
Mnemonic field 30, 33
Mnemonics 33
Mode,

8-bit 34,52

16-bit 34,52
Monitor/Shell wiii, ix, 1, 66, 83, 90
Most significant byte 33, 37, 40

NAT pseudoop 51,52, 81
Native mode, 52

switching to emulation 49
NLT pseudoop 44, 81
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NPR pseudoop 45, 81

ONLINE 6,83

Op code field 32, 33, 53,90

Operand field 30, 33-34

Operating system commands, see Monitor/Shell.
OPTION key 13,25

ORG pseudoop 27, 28, 41, 66, 81

Overflow error 64

Overstrike mode 13, 25

Page scrolling 15, 25
Passes 27
PRG pseudoop 42, 65, 66, 81
PREFIX 6, 83
PRI directive 27,45, 83
Printing,
configuring 22
editor line ranges 21
listing 45
editor screen contents 21
ProDOS 8 vii
ProDOS 16 vii, viii
Program counter 37,41, 56
Pseudo op codes 36
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Q

Quit to shell 9, 26,77, 82
QUIT 7,83

RAMcards v,77
RAMdisk v,2,5
Relative long 57

Relative short 56
Relocatable file 27, 37,41
RENAME 7,83

RES pseudoop 29, 37, 81
Returnkey 1,13

SAVEfile 19,25
Scale 11

Screen 10

Scrolling 15

SEARCH and replace 18, 25
Space(s) 30, 35, 39, 40
stack register 61

START viii

STP pseudoop 47, 48, 81
STR pseudoop 40, 81
Switching between native and

emulation modes 49

Switching register size 50
Symbol table 27

Symbol table dump 65
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Symbuolic labels, see Labels
Syntax 78

SYS type file vi, 27,41
SYSTEM.LOADER wiii, ix, x

¢

Tabulation, 15
defaults 16

TMC pseudoop 44, 81
TXT typefile 5,6

U
UNLOCK 7,83

A%
WOR pseudo op 40, 81
Work disk  ix

Z

Zero page 54,55
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Special Characters

plussign 34

- minus sign 34

. multiply 34

/ divide 34

_underline character 28, 30

.Bsuffix 2,46

# 28,32,34,53,65

$ 24,34

% 34

< 28,34,60

> 28, 34,54, 55,65

<<<32, 80

>>>32, 80

1. 2,30

‘ single quote 34, 38, 40
31,34

s,comma 2
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