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BEQ OLDONE ; IF SO, JUMP
JSR CHROUT ; ELSE PRINT IT
INY ; POINT TO NEXT CHARACTER
BNE OLLOOP ; IF INDEX NOT 0, GO FOR MORE
INC PNTER+1 ; ELSE INCREMENT POINTER
JMP OLLOOP ; AND GO FOR MORE

; GO HOME

OLDONE RTS
; **HEXADECIMAL INPUT ROUTINE**

; INPUTS A 2-DIGIT HEXADECIMAL

; NUMBER FROM THE KEYBOARD AND
; STORES IT AT LOCATION ‘BUFFER'.

; WILL NOT ALLOW INPUT OF NON-HEX
; CHARACTERS.

HXINPT LDY #0 ; BEGIN COUNT & INDEX

HXLOOP STX TEMPX

; SAVE CONTENTS OF X,Y REGS

STY TEMPY ; SINCE GETIN USES THEM
JSR GETIN- ; GET CHARACTER

LDY TEMPY ; NOW RESTORE X,Y REGS
LDX TEMPX ; TO PREVIOUS VALUES
CMP #°0; ; NOTHING TYPED

BEQ HXLOOP ; IF SO, TRY AGAIN

CMP #'0 ; LESS THAN ‘0’?

BCC HXLOOP ; IGNORE & TRY AGAIN
CMP #'G ; GREATER THAN ‘F’?

BCS HXLOOP ; IGNORE & TRY AGAIN
CMP #'A ; BETWEEN ‘A’ & ‘F'?

BCS OKAY ; GREAT! GO WITH IT!

CMP #" ; BETWEEN ‘9’ AND ‘A’?
BCS HXLOOP ; IGNORE & TRY AGAIN

; ALL CHARACTERS THAT GET THIS FAR ARE HEXADECIMAL

OKAY  STA BUFFER,Y ; SAVEIT
JSR CHROUT ; PRINT IT
INY ; COUNT IT
CPY #2 ; TWO DIGITS YET?
BNE HXLOOP ; IF NOT, GO FOR MORE
RTS

; **BINARY-HEX CONVERSION ROUTINE**

; CONVERTS A BINARY NUMBER TO A
; HEXADECIMAL ASCII STRING.

; EXPECTS BINARY NUMBER IN

; ACCUMULATOR (A REGISTER).

; LEAVES HEX STRING AT LOCATION

; 'BUFFER." TERMINATES WITH O.
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BINHEX TAY

AND #$FO0

LSR A

LSR A

LSR A

LSR A

JSR CONVT1
STA BUFFER
TYA

AND #8$0F

JSR CONVTI
STA BUFFER+1
LDA #0

STA BUFFER+2
RTS

CONVTI CLC

ADC #48
CMP #58
BCC CVT12
CLC

ADC #7

CVTi12 RTS

; SAVE BINARY NUMBER
; REMOVE LEAST SIGNIFICANT DIGIT
; SHIFT HIGH HALF TO LOW HALF

; ADD ASCII VALUE

; SAVE IN BUFFER

; GET BINARY NUMBER

; REMOVE MOST SIGNIFICANT DIGIT
; ADD ASCII VALUE

; SAVE IN BUFFER

; ADD ASCII VALUE

; WAS IT ‘A’ OR GREATER?
; IF NOT, RETURN

; ELSE ADD ANOTHER 7

; ""HEX-BINARY CONVERSION ROUTINE**

; CONVERTS A 2-DIGIT HEXADECIMAL
; STRING TO AN 8-BIT BINARY

; NUMBER. EXPECTS HEX STRING AT
; LOCATION ‘BUFFER’. LEAVES

; BINARY NUMBER IN ACCUMULATOR.

HEXBIN LDA BUFFER

JSR CONVT2
ASL A

ASL A

ASL A

ASL A

STA TEMP

LDA BUFFER+1
JSR CONVT2
ORA TEMP

RTS

CONVT2 SEC

SBC #48
CMP #10
BCC CvT22
SEC

; GET 1ST CHARACTER
; SUBTRACT ASCII VALUE
; SHIFT TO HIGH HALF

; SAVE HIGH HALF

; GET NEXT CHARACTER

; SUBTRACT ASC!l VALUE

; COMBINE WITH HIGH HALF

; SUBTRACT ASCII VALUE

; WASIT ‘A’ TO ‘F'?
; IF NOT, RETURN
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SBC #7 ; ELSE SUBTRACT ANOTHER 7
CVT22 RTS
BUFFER=" ; OPEN BUFFER
*=*+3 ; ALLOT 3 BYTES
ARRAY =" ; OPEN SPACE FOR ARRAY
*=*+10 ; ALLOT 10 BYTES

MSG1 .BYTE 'PLEASE TYPE 10 2-DIGIT HEX NUMBERS’, 130,
MSG2 .BYTE ‘THE TOTAL OF THE 10 NUMBERS IS ’,0
MSG3 .BYTE ‘WOULD YOU LIKE TO TRY AGAIN (Y/N)?’,130,

Although you should read through this program and ana-
lyze its workings on your own, there are several points of
interest that we will discuss here.

For instance, we have created, through an equate at the
beginning of the programming, an address called WMSTRT.
This represents the address of your computer’s warm-start
routine. If you pass control to this routine, your computer
will reinitialize its operating system and place you in a posi-
tion to load a new program. On many computers (including
the Commodore) this will put you into the BASIC inter-
preter, where you may begin giving commands in the
BASIC language. On other computers, this will put you in
the disk operating system, where you may give commands
that activate various utility programs available on the disk.
If you do not know the warm-start address of your comput-
er, you may wish to omit the routine that references this
address. The address for WMSTRT used in this program is
the address of the warm-start routine on the Commodore
64 computer.

We have also established several addresses for the tem-
porary storage of data and placed these addresses on the
zero page, for efficient access. These addresses are given the
labels PNTER, TOTAL, TEMP, TEMPX, and TEMPY. (Note
that TEMPX and TEMPY have been given the same
addresses as TOTAL and TEMP, since these labels are not
used by the same routine. This allows us to save zero-page
space while retaining distinct label names.) When choosing
zero-page addresses to use on your computer, you should
be careful not to interfere with the addresses used by the
computer’s operating system; this could interfere with the
CHROUT and GETIN routines, which are called by this pro-
gram. The addresses used in this program are considered
“free” zero-page space on the Commodore 64, because they
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are the only zero-page addresses on that computer not used
by the built-in software. To locate equivalent locations on
your computer, you will need a memory map—that is, a list
of all the addresses used by your computer’s internal soft-
ware.

The data input from the keyboard is stored in a buffer
we call ARRAY. This buffer is ten bytes long, sufficient to
hold the ten eight-bit numbers that the user will input from
the keyboard. Index register X is used to point to the cur-
rent position within the buffer.

If you have questions about this program, you must
attempt to answer them yourself. If something seems puzz-
ling, puzzle it out. The comments and labels should help.
One of the best ways to learn assembly language, aside from
writing your own assembly-language programs, is to read
other programmers’ assembly-language programs.

You might even want to read your way through some
machine-language programs that you have purchased com-
mercially. This isn’t easy, since these programs are stored
on disk and in your computer’s memory as a sequence of
binary numbers. However, with the aid of a disassembler,
you can translate these programs back into assembly-lan-
guage mnemonics. Of course, you won’t have comments
and labels to help you understand what is happening in
these programs, but the very act of deciphering the output
of the disassembler will teach you to think like an assem-
bly-language programmer. You might want to buy a
machine-language monitor, a program that will allow you
to inspect the contents of your computer’s memory—and
any programs contained therein—in minute detail. A good
monitor will include not only a disassembler but also a sin-

Memory map—A list of important memory locations
within the computer describing how those locations are
used by the operating system or by peripheral devices.

Monitor—A program that allows the user to examine
the contents of the computer’s memory and the micro-
processor registers, and to execute a machine-language
program one instruction at a time.
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gle stepper—a program that lets you execute a machine-
language program one instruction at a time, observing the
status of the microprocessor registers and memory after
each.

And, once you have examined assembly/machine-lan-
guage programs written by others, and written a few such
programs of your own, you’ll be an assembly-language
expert yourself.

Single stepping—A process by which the instructions in
a machine-language program can be executed one at a
time.



APPENDIX

THE 6502
INSTRUCTION
SET

The following is a list of all 6502 instructions. Each instruc-
tion is followed by a list of the allowable addressing modes
for that instruction and, in parentheses, a list of the flags
affected by that instruction. The following symbols repre-
sent the addressing modes:

immediate—I
zero page—Zp
zero page, X—Zpx
zero page, Y—Zpy
absolute—A
absolute, X—Ax
absolute, Y—Ay
implied—Im
relative—R
indirect, X—Ix
indirect, Y—Iy
indirect—In

The following symbols represent the flags:

negative—N
zero—Z

carry—C
interrupt—I
decimal mode—D
overflow—V
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Here now are the 6502 instructions:

ADC—I, Zp, Zpx, A, AX, Ay, Ix, ly, In (NZCV)
AND—I, Zp, Zpx, A, AX, Ay, Ix, ly, In (N2)
ASL—2Zp, Zpx, A, Ax (NZC)

BCC—R

BCS—R

BEQ—R

BIT—2Zp, A (N2ZV)

BMI—R

BNE—R

BPL—R

BRK—(l)

BVC—R

BVS—R

CLC—I (C)

CLD—I (D)

CLI—I (1)

CLV—I (V)

CMP—I, Zp, Zpx, A, Ax, Ay, Ix, ly (NZC)
CPX—I, Zp, A (NZC)

CPY—I, Zp, A (NZC)

DEC—2Zp, Zpx, A, Ax (NZ)

DEX—I (N2)

DEY—I (N2)

EOR—I, Zp, Zpx, A, AX, Ay, Ix, ly (N2)
INC—2Zp, Zpx, A, Ax (N2Z)

INX—I (N2)

INY—I (NZ)

JMP—A, In

JSR—A

LDA—I, Zp, Zpx, A, AXx, Ay, Ix, ly (NZ)
LDX—I, Zp, Zpy, A, Ay (NZ)

LDY—I, Zp, Zpx, A, Ax (NZ)
LSR—2Zp, Zpx, A, Ax (N2Z)

NOP—I

ORA—I, Zp, Zpx, A, AXx, Ay, Ix, ly (N2Z)
PHA—I

PHP—I

PLA—I (N2)

PLP—I (takes flag values from stack)
ROL—2Zp, Zpx, Ax, Ay (NZC)
ROR—2Zp, Zpx, Ax, Ay (NZC)
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RTI—I (takes flag values from stack)
RTS—I

SBC—I, Zp, Zpx, A, Ax, Ay (NZCV)
SEC—I (C)

SED—I (D)

SEI—I (1)

STA—2Zp, Zpx, A, AXx, Ay, Ix, ly
STX—2Zp, Zpx, A

STY—2Zp, Zpx, A

TAX—I (N2)
TAY—I (N2)
TSX—I (N2)
TXA—I (N2)
TXS—I

TYA—I (N2)
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INDEX

Absolute addressing, 46—
47
Accumulator, 12
ADC, 12-13, 15, 38, 69,
73, 74, 75
Addition
flags and, 71-76
sample program, 102-
106
Address, 18
Addressing modes, 45-46
absolute addressing,
46-47
immediate addressing,
53-55
implied addressing, 55
indexed addressing, 48
-55
indexed indirect ad-
dressing, 53
indirect addressing,
50-51
indirect indexed ad-
dressing, 51-53
relative addressing, 55
zero-page addressing,
47-48

American Standard Code
for Information Inter-
change (ASCII), 21-22,
88-95

AND, 29-31

Arithmetic instruction, 28-
36

ASL, 33-34, 76-77

Assembler, 11, 57-67

assembler directives,
59

BYTE directive, 63—
64

comments, 66-67

< and > directives,
65-66

labels, 60-62

object program, 59

program counter, 62—
63

source program, 58

STORE, 65

text editor, 57-58

word directive, 64

Assembler directives, 59

(*), program counter,

62
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Assembly language, 2
hexadecimal number-
ing system 13-14
instruction sets, 10-11
mnemonics, 11-13

Bank switching, 19
BASIC, 2
BASIC interpreter, 19-21
BCC, 39, 80, 82
BCS, 39, 80, 82, 83
BEQ, 39, 41, 79-80, 81
Binary arithmetic, 8-9, 16
flags and, 72-73
BIT, 42
BMI, 39, 80
BNE, 39, 80, 84, 85
BPL, 39, 80 ,
Branch and jump instruc-
tion, 36-42
branch instruction, 39
limitations of, 40
decision-making, 79-
80
displacement, 40-41
IF-THEN, 39-40
JMP, 36
JSR, 36-38
RTS, 36, 37-38
SP register and, 38
BRK, 42
Buffer, 96, 107
BVC, 39, 80
BVS, 39. 80
BYTE, 9
.BYTE directive, 63-64

Carry flag, 70, 73-75

Central processing unit
(CPU), 3

CIO, 90

Circuits, memory, 17-18

CLC, 43, 74, 75

CLD, 43

CLI, 43

CLV, 43

CMP, 35, 54, 76, 82
Comments, 66-67
Control characters, 22
CPX, 35

CPY, 36

Data transfer instructions,
25-28
DEC, 29, 75-76, 85
Decimal mode flag, 71
Decimal to binary conver-
sion, 100
Decision making, 79-85
branch instruction, 79-
80
IF-THEN, 79, 81-83
program loops, 83-85
DEX, 29
DEY, 29, 84
Disassembler, 20, 107
Disks, use of, 57-58
Displacement, 40, 41
Division
flags and, 76-78
LSR, 35
.DWORD directive, 64

EOR, 32-33

EQU, 62

Equate operator, 62
Equate statements, 60-61
External memory, 4

Flags, 69-78
addition/subtraction,
71-76
binary arithmetic, 72-
73
carry flag, 70, 73-75
decimal mode flag, 71
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interrupt disable, 71

multiplication/divi-
sion, 76-78

negative (sign) flag, 70

overflow flag, 70

zero flag, 70

GETIN, 93-94
< directive, 65-66

Hexadecimal numbering
system, 13-14
addresses for 6502, 18
binary conversion, 101
High-level computer lan-
guage, |

IF-THEN, 39-40, 79, 81-
83
Immediate addressing, 53-
55
Implied addressing, 55
INC, 29, 75, 76
Indexed addressing, 48-50
zero-page addressing,
50
Indexed indirect address-
ing, 53
Index registers, 48
Indirect addressing, 50-51
Indirect indexed address-
ing, 51-53
Input/output (I/0), 4-5
Instruction field, 63
Instruction set, 9-10
assembly language, 10-11
Internal memory, 4
Interpreter, 2
Interrupt disable flag, 71
INX, 29
INY, 29

JMP, 36, 50-51, 83

JSR, 36-38, 83
Jump. See Branch and
jump instructions.

Kilobyte, 19

Labels, 60-62
equate statements, 60-
61
label fields, 60, 61-62
LDA, 26, 49-50
LDX, 26, 27, 49-50
LDY, 26, 27, 28, 54
Least significant bytes, 73
> directive, 65-66
LIFO, 36, 37
Logical operation, 30
Loops, 83-85
LSR, 34-35, 78

Machine language, 1, 25
Masking, 30
Memory, 4, 17-23
bank switching, 19
buffer, 95
external, 4
internal, 4, 16
limit in 6502, 18-19
memory map, 107
memory circuits, 17—
18
storing text, 21
Microprocessor, 3, 7-15
instruction set, 9-10
registers, 7-9
Mnemonics, 11-13
Monitor, 107
Most significant bytes, 73
Multiplication
ASL, 34
flags and, 76-78

Negative displacements, 41
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Negative (sign) flag, 70
NOP, 43

Object program, 59
Operand, 12
Operand field, 63
Operating system, 88
input, 93-95
output, 88-93
Operation code, 13
OR, 32
ORA, 31
OUTCHR, 67
Output, 88-93
Overflow flag, 70

PHA, 42, 55

PHP, 42

PLA, 42, 55

PLP, 42

PNTER, 92, 95

Program counter, 19
labels and, 62

Program file, 58-59

Program loops, 83-85

Pseudo code, 97-98

Random-access memory
(RAM), 4

Read-only memory
(ROM), 4

Registers, 7-9

6502 microprocessor,
8-9

Relative addressing, 55

ROL, 35, 77

ROR, 35, 78

RTS, 36, 37-38, 74, 83

SBC, 28, 53, 74-75
SEC, 43, 75

SED, 43

SEI, 43

Single stepping, 107
6502 microprocessor
bank switching, 19
BASIC interpreter, 19-
21
hexadecimal number-
ing system, 14
limit of memory ad-
dresses, 18-19
registers in, 8
Source program, 58
Source register 26
STA, 37, 46, 47-48, 51
Stack, 37
Stack instructions, 42
Stack pointer (SP), 38
Status register, 69-70
STORE, 65
STX, 37
STY, 27, 28
Subtraction, flags and, 71-
76

TAX, 11, 25, 55
TAY, 11-12, 25
Text editor, 57-58
Text, storing of, 21
TSX, 26

TXA, 11, 25

TXS, 26

TYA, 11, 25
TYX, 11

Variables, 61

.WORD directive, 64

X regiter, 48-50

Y register 48-50, 52, 53, 84

Zero-page addressing, 47—
48
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