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Format: HIMEM: exprnm 

HIMEM: establishes the highest location in read/write memory 
(RAM) available to your BASIC program and variables. ProDOS 
or DOS 3.3 resides above HIMEM: if either is present. With the 
HIMEM: statement you can set aside additional space for 
machine language subroutines and high-resolution graphics shape 
tables. You can also protect the high-resolution graphics screen 
memory area of RAM. 

Each additional file buffer you reserve by opening another 
ProDOS file lowers HIMEM: another 1024 bytes. With DOS 3.3, 
each additional file buffer you reserve with the MAX FILES 
command lowers HIMEM: by 595 bytes. If your Applesoft pro­
gram uses strings, their values are stored starting at the resulting 
location of HIMEM:, working downwards. 

The value of exprnm must be in the range -65535 through 
65535 (-32767 through 32767 in Integer BASIC), or an error 
message occurs. You should not set HIMEM: higher than the 
maximum memory location available. If you do, some of your 
variable storage might end up in nonexistent memory. If you set 
HIMEM: lower than LOMEM: or if you do not leave enough 
memory to run your program, an error message occurs. 

You can see the current value of HIMEM: by using PEEK(116) 
* 256 + PEEK(115) in Applesoft, or PEEK(77) * 256 + PEEK(76) 
in Integer BASIC. 

HIMEM: is not affected by NEW, RUN, or CLEAR. 
HIMEM: can only be used in immediate mode in Integer 

BASIC. 

Draws a horizontal line on the screen in low-resolution graphics 
mode. 

Format: HLIN col 1, col2 AT rOUJ 

The line is drawn from col1 to col2 in the row specified. The 
color is determined by the COLOR statement last executed. If the 
screen is in text mode, or the text window is present and row is 
greater than 39, HLIN will draw a line of characters on the 
screen in the text window where the graphics dots would be plot­
ted. The characters used are determined by previously executed 
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COLOR statements; see the PLOT statement for particulars. 
In Integer BASIC, col1 must be less than or equal to col2 or the 

message *** RANGE ERR is displayed. 

I HOME! 

This Applesoft statement clears the display screen and posi­
tions the cursor at the upper left-hand corner of the text window. 

Format: HOME 

In Integer BASIC, use CALL -936. 

I HPLOT I 

This Applesoft statement places a dot or draws a line of color on 
the high-resolution graphics screen. 

Formats: HPLOT colh,rOUJh 
HPLOT TO colh,rOUJh 
HPLOT colh1,rOUJh1 TO colh2,rOUJh2 [TO colh3, 

rOUJh3 •• • ] 

The first form of the command places a dot of color on the 
screen at the specified location. The color of the dot is determined 
by the HCOLOR statement last executed. 

The second form of the command draws a line of color from the 
last dot plotted to the coordinates colh and rOUJh. If there has been 
no dot plotted since the last HGR or HGR2 command, nothing 
will be plotted. The color of the line is determined by the HCOL­
OR statement last executed. 

The third form of the command also draws a line of color, and 
the line may have more than one segment. The line is first drawn 
from colh1 and rOUJh1 to colh2 and rOUJh2• The next line segment is 
then drawn from colh2 and rOUJh2 to colh3 and rOUJh3, and so on. 
There can be any number of coordinates, as long as they all fit on 
one program line. The color of the line (all segments) is deter­
mined by the HCOLOR statement last executed. 
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Any portion of a line or dot that lies within the text window will 
not be visible. However, if you switch to full-screen graphics with 
the command POKE -16302,0, any line or point plotted pre­
viously in the text window will become visible. 

You must always execute an HGR or HGR2 statement before an 
HPLOT. Otherwise you may destroy your program or variables. 

Not available in Integer BASIC. 

This Applesoft statement positions the cursor to the specified 
column on the current display line. 

Format: HTAB col 

The cursor moves right or left to the column specified by the 
value of col, without erasing any displayed characters. Columns 
are numbered from 1 to 40 (left to right). Except on an Enhanced 
Apple lie, use POKE 36, col, greater than 40 for column 
numbers. HTAB works the same way with printers. 

In Integer BASIC, use the TAB statement. 

I IF-THEN (Applesoft) I 
Conditionally causes the program to execute the indicated 

instruction or branch to the designated line. 

Formats: IF expr THEN statement [:statement . .. ] 
IF expr THEN GOTO line 

In the first format of the IF-THEN statement, the expr speci­
fies a condition which, if true, causes every statement that follows 
THEN on the same program line to be executed. If the specified 
condition is false, control passes to the first statement on the next 
program line and any statements following the THEN are not 
executed. 

In the second format (the conditional branch format), the pro-



458 I Apple II User's Guide 

gram branches to line number line if the condition is true. Oth­
erwise execution continues with the first statement on the next 
program line after the IF-THEN. 

If an unconditional branch is one of many statements following 
THEN, the branch must be the last statement on the line, and it 
must have the GOTO line format. If the unconditional branch is 
not the last statement on the line, the statements following the 
unconditional branch can never be executed. 

The most common type of expression used with IF-THEN is a 
relational expression. If string expressions are compared using 
relational operators, the ASCII codes (listed in Appendix E) for 
the characters involved determine the relative values of the 
strings. Strings are compared character by character until a 
mismatch occurs. Then the string with the higher ASCII code in 
the mismatch position is considered greater. If no mismatch 
occurs, the longer string is greater. Execution of more than two 
or three IF-THEN statements in which expr is a string expres­
sion during the course of a program generates the message 
?FORMULA TOO COMPLEX ERROR. 

The expression may also be a numeric expression. If the value 
of the expression is not zero, the condition is considered true. If 
the value of the expression is zero (false), execution continues at 
the first statement on the next-higher program line. 

Applesoft has problems if the last nonspace character preced­
ing THEN is the letter A. The A is combined with the T to form 
the reserved word AT. You can avoid this problem by enclosing 
some or all of the expression (including the troublesome A) in 
parentheses. 

I IF-THEN (Integer BASIC) I 
Conditionally causes the program to execute the indicated 

instruction or branch to the designated line. 

Formats: IF expr THEN statement 
IF expr THEN [GOTO] line 
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In the first form of the IF-THEN statement, the expr specifies 
a condition which, if true, causes the statement following the 
THEN to be executed. If the condition is false, the statement 
immediately following the IF-THEN statement is executed; the 
statement that follows THEN is not executed in this case. 

In the second format of the IF-THEN statement (the condi­
tional branch format), the expr specifies a condition which, if 
true, causes the program to branch to the indicated line number. 

Relational expressions are the most common type of expr used 
with IF-THEN. String values can only be compared for equality 
or nonequality in Integer BASIC. The expr can also be a numeric 
expression. In this case, the expr is considered true if it has a 
nonzero value. The expr cannot be a string expression (that is, 
anything that evaluates to a string value) in Integer BASIC. 

If a FOR-NEXT loop follows the THEN, the loop must be com­
pletely contained on the IF-THEN line. Additional IF-THEN 
statements may appear following the THEN as long as they are 
completely contained on the original IF-THEN line. However, a 
logical expression is clearer than nested IF-THEN statements. 

Switches input to a specified input device. 

General Format: IN# slot 
Additional ProDOS Format: IN# Amemloc 

The general IN# format is the most common. It redirects the 
input of subsequent INPUT or GET statements to a device at­
tached to one of the numbered accessory card slots. 

The additional ProDOS IN# format also redirects input of sub­
sequent INPUT or GET statements. Instead of a slot number, it 
specifies the memory location of a program that controls an input 
device (called a device driver). Table A-9 lists the memory loca­
tions of standard ProDOS input device driver programs. 

This ProDOS or DOS 3.3 command requires PRINT and 
CHR$(4) or CONTROL-Din programmed mode. 
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Table A-9. Standard ProDOS Input Device Drivers 

Memory 
Number Location Device 

0 47182* Keyboard 
1 49408 Slot 1 (Serial or parallel adapter) 
2 49664 Slot 2 (Serial or parallel adapter) 
3 49920 Slot 3 or lie Auxiliary slot (So-column 

adapter) 
4 50176 Slot 4 (Mouse) 
5 50432 Slot 5 (Disk drives) 
6 50688 Slot 6 (Disk drives) 
7 50944 Slot 7 

*64795 if ProDOS is disabled. 

Initializes a DOS 3.3 disk. 

Format: INIT filename [,Dn] [,Sn] [,Vn] 

The program currently in memory is saved on the disk under 
the filename given. This program becomes the greeting program, 
and it is run automatically whenever this disk is booted. The disk 
is assigned the volume number specified by the INIT command. 
If no volume number is specified, the disk is assigned a volume 
number of 254. 

If the file does not exist on drive Dn of slot Sn, the FILE NOT 
FOUND error message is displayed. 

Dn, Sn, and V n can be specified in any order. If Dn or Sn is 
omitted, the last-referenced drive or slot is used. 

INIT may only be used in immediate mode. 

I INPUT (Applesoft) I 
Accepts character entry from the keyboard or another input 

device, evaluates it, and assigns the value or values entered to the 
variable or variables specified. 
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Format: INPUT ["prompt";] var [,var ... ] 

INPUT can request values for any combination of numeric and 
string variables. A question mark is normally displayed as a cue 
to begin entry at the current cursor location. Applesoft sup­
presses the question mark if the optional prompt is present. 

The optional prompt is a string constant. If it is present, it will 
be displayed just before the first variable is input; it is not 
repeated for each variable in the list. No question mark is dis­
played after the prompt. Note that the prompt is followed by a 
semicolon in an Applesoft INPUT statement. 

Generally speaking, when a single Applesoft INPUT statement 
calls for more than one value, you can enter each one on a sepa­
rate line, ending each value with the RETURN key. Optionally, you 
can enter more than one value on a single line and separate the 
values with commas. 

If you enter unacceptable characters (for example, letters in a 
numeric value) a warning message appears and you must reenter 
the value. Applesoft displays REENTER and reexecutes the 
INPUT statement from the beginning. The cue (question mark or 
prompt) is redisplayed and you must reenter all values for the 
INPUT statement. 

Numeric input must consist only of valid numeric characters. 
If you simply press RETURN when a numeric variable is to be 
entered, you receive an error message and must reenter the line. 
The digits 0 through 9, spaces, and a plus or minus sign are 
accepted as numeric input. Applesoft also accepts a decimal 
point, an additional plus or minus sign, and the letter E for 
entering real values and scientific notation. 

In Applesoft, if the first nons pace character of a string entry is 
a quotation mark, all characters (including commas and colons) 
up to the next quotation mark or carriage return are assigned to 
the string variable. If the entry does not begin with a quotation 
mark, all characters (including quotation marks) up to the next 
comma, colon, or carriage return are assigned to the variable. If 
two or more strings are requested by the same INPUT statement, 
they must be enclosed in quotes and separated by commas. If you 
simply press RETURN when a string variable is to be entered, the 
null string (" ") is assigned to the variable. 

In Applesoft, all characters after a colon in an INPUT response 
are ignored unless the entry begins with a quotation mark. 

INPUT cannot be used in immediate mode. 
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I INPUT (Integer BASIC) I 
Accepts character entry from the keyboard or another input 

device, evaluates it, and assigns the value or values entered to the 
variable or variables specified. 

Format: INPUT ["prompt",] var [,var ... ] 

INPUT in Integer BASIC requests values for any combination 
of integer and string variables. If the first variable is an integer, 
a question mark is displayed at the current cursor location as a 
cue to begin entry. Integer BASIC suppresses the question mark 
if a string is the first variable listed. 

The optional prompt is a string constant. If it is present, it will 
be displayed just before the first variable is input; it is not 
repeated for each variable in the list. A question mark is dis­
played after the prompt if an integer variable is to be entered. 
The prompt alone is displayed if a string variable is to be entered. 
Note that the prompt is followed by a comma in Integer BASIC. 
The prompt may not be a string variable or string expression. 

When a single INPUT statement calls for more than one inte­
ger value in succession, you can enter each one on a separate line; 
end each value with the RETURN key. Integer BASIC displays a 
double question mark(??) on each new line as a cue to continue 
entries for the INPUT statement. Optionally, you can enter more 
than one integer value on a single line by separating the values 
with commas. 

Numeric input must consist only of valid numeric characters. 
These are the digits 0 through 9, spaces, and a plus or minus 
sign. You get an error message if you simply press RETURN when 
a numeric value is to be entered. 

You must enter each string value on a separate line. All char­
acters (except CONTROL-C, CONTROL-M, CONTROL-H, CONTROL-U, 
and CONTROL-X) that you enter prior to pressing the RETURN key 
are accepted and assigned to the string variables. The null string 
(" ") is assigned to the variable if you simply press RETURN when 
a string value is to be entered. If you enter unacceptable charac­
ters (for example, letters in a numeric value), the warning mes­
sages *** SYNTAX ERR and RETYPE LINE appear. You 
must reenter all values that you entered on the offending line. 

INPUT cannot be used in immediate mode. 
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Switches from Applesoft to Integer BASIC (not available with 
ProDOS). 

Format: INT 

Any program currently in memory is erased. If Integer BASIC 
is not present (for example, on an Apple II Plus without a Lan­
guage System), the message LANGUAGE NOT AVAILABLE is 
displayed. 

Use INT only in immediate mode. 

!INVERSE I 
This Applesoft statement switches to inverse character style. 

Format: INVERSE 

All output from subsequently executed PRINT statements will 
appear as black characters on a white background. Error mes­
sages are similarly affected. However, any previously displayed 
characters are unaffected. 

INVERSE works by slightly altering the standard ASCII 
codes. Therefore, any inverse characters sent to a DOS 3.3 disk 
will be saved with incorrect codes. When read back in, the wrong 
characters will result. 

This statement is not available in Integer BASIC. Lowercase 
inverse characters are not available on most Apple II Plus and 
standard Apple II machines. 

The assignment statement, LET= or simply =, assigns a value 
to a specified variable. 

Format: [LET] var=expr 

The var is assigned the value computed by evaluating the expr. 
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Displays all or part of the program lines currently in memory. 

General Format: LIST line1 [,line2] 

Applesoft Format: LIST [line!]{;} [line2] 

Any portion of the program may be listed. If no line numbers 
follow LIST, all program lines are displayed. If only line1 is spec­
ified, only that line is displayed. If both line numbers are speci­
fied, the program is listed starting at line1 and continuing 
through line2• If line1 does not exist, the listing starts at the next­
higher line number. If line2 does not exist, the listing ends at the 
next-lower line number. LIST may not be used with variables or 
expressions in place of the line numbers. 

In Applesoft, either a comma (,) or a hyphen (-) may separate 
the two line numbers. 

In Applesoft you can list from the start of the program to a 
specific line number by putting a comma or hyphen ahead of 
line2 (and omitting line1). You can also list from a specific line 
number to the end of the program by putting a comma or hyphen 
after line1 (and omitting lineJ. 

When LIST displays your program, it adds spaces to make the 
listing more readable. You can eliminate some of the spaces by 
reducing the text window to a width of 33 with the command 
POKE 33,33. (POKE 33,40, POKE 33,80 or TEXT restores the 
text window to full width.) 

Program line lengths are limited, but these limits are calcu­
lated before the LIST command adds the extra spaces. You can 
therefore extend the apparent length of your program lines by 
leaving out spaces when you type the lines in; LIST will make the 
lines longer. However, lines such as these will be too long to be 
edited or copied after they have been listed with all the spaces 
put in. 

I LOAD (ProDOS) I 
Loads an Applesoft program from a ProDOS disk. 

Format: LOAD path name [, Dn] [, Sn] 
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The named program is loaded from the disk. The program 
replaces any program previously in memory. All variables and 
arrays are cleared, and any open files are closed. If no program 
exists as named, the existing program, variables, and files will be 
untouched. 

Dn and Sn can be specified in any order. If Dn or Sn is omit­
ted, the ProDOS prefix specifies the drive and slot. 

This is a ProDOS command, requiring PRINT and CHR$(4) in 
programmed mode. 

I LOAD (DOS 3.3) I 
Loads a program from a DOS 3.3 disk. 

Format: LOAD filename [, Dn] [, Sn] [,V n] 

The program with the name filename is loaded from the disk. 
If the LOAD is successful, any program previously in memory is 
erased. 

If the program to be loaded is in Applesoft and the Apple II is 
currently in Integer BASIC, or vice versa, the Apple II switches 
to the proper language. This may require loading the language 
from the specified disk. If the language is not available, the mes­
sage LANGUAGE NOT AVAILABLE is displayed. 

If the file does not exist on drive Dn of slot Sn, the FILE NOT 
FOUND error message is displayed. If the disk in drive Dn of 
slot Sn is not volume Vn, the VOLUME MISMATCH error 
results. 

Dn, Sn, and Vn can be specified in any order. If Dn or Sn is 
omitted, the last-referenced drive or slot is used. VO is used if Vn 
is absent. 

This is a DOS 3.3 command, requiring PRINT and CHR$(4) or 
CONTROL-D in programmed mode. 

I LOAD (Cassette) I 

Loads a program from cassette. 

Format: LOAD 



466 I Apple II User's Guide 

Loads the next sequential program from the cassette, replacing 
any program currently in memory. You must have the cassette 
recorder running in playback mode when LOAD is executed; the 
Apple II does not remind you to do this. The Apple II beeps as it 
starts to load a program and beeps again when it finishes. The 
second beep is your signal to manually stop the cassette recorder. 

In Integer BASIC, you can only use LOAD in immediate mode. 

I LOCK (ProDOS) I 
Protects a ProDOS disk file or directory against change. 

Format: LOCK pathname [,Dn] [,Sn] 

Once locked, a file cannot be deleted, changed, or renamed 
until it is unlocked (see UNLOCK). No program can be saved 
using the name of a locked file. A locked file is indicated in a disk 
directory listing by an asterisk in front of the file name. 

Dn and Sn can be specified in any order. If Dn or Sn is omit­
ted, the ProDOS prefix specifies the drive and slot. 

This is a ProD OS command, requiring PRINT and CHR$( 4) in 
programmed mode. 

I LOCK (DOS 3.3) I 
Protects a DOS 3.3 disk file against change. 

Format: LOCK filename [, Dn] [, Sn] [,V n] 

Once locked, a file cannot be deleted, changed, or renamed 
until it is unlocked (see UNLOCK). No program can be saved 
using the name of the locked file. A locked file is indicated in the 
disk catalog by an asterisk at the left of the file type. 

If the file does not exist on drive Dn of slot Sn, the FILE NOT 
FOUND error message is displayed. If the disk in drive Dn of 
slot Sn is not volume Vn, the VOLUME MISMATCH error 
results. 

Dn, Sn, and Vn can be specified in any order. If Dn or Sn is 
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omitted, the last-referenced drive or slot is used. VO is used if Vn 
is absent. 

This is a DOS 3.3 command, requiring PRINT and CHR$( 4) or 
CONTROL-D in programmed mode. 

I LOMEM: I 
Sets a lower boundary on the memory available to BASIC 

programs. 

Format: LOMEM: exprnm 

LOMEM: establishes the lowest location in read/write memory 
(RAM) available for your BASIC program lines and variables. 
The operating system and the BASIC interpreter use RAM below 
LOMEM: for pointers, low-resolution graphics and text screen 
memory, and so forth. When the Applesoft interpreter is not in 
ROM, it resides in RAM below LOMEM:. You can set aside addi­
tional space for machine language subroutines and high-resolution 
graphics shape tables with a LOMEM: command. 

LOMEM: starts out at memory location 2048, just above the 
low-resolution graphics area. Loading the Applesoft interpreter 
into RAM from disk or cassette raises LOMEM: to 12291. Each 
time you add an Applesoft program line or change an existing 
line, LOMEM: is adjusted up or down. Erasing an Applesoft pro­
gram (with NEW) also changes LOMEM:. So if you want to 
reserve space below your program, you must do so after erasing 
one program but before loading or typing in a new one. 

The value of exprnm must be in the range -65535 through 
65535 (-32767 through 32767 in Integer BASIC), or an error 
message will occur. 

You can display the current value of LOMEM: with PRINT 
PEEK(106) * 256 + PEEK(105). 

In Applesoft, if LOMEM: is set higher than the current value 
of HIMEM:, lower than the existing value of LOMEM:, or lower 
than the highest memory location used by the current operating 
system or program, the message ?OUT OF MEMORY ERROR 
occurs. 

LOMEM: can only be used in immediate mode in Integer 
BASIC. 
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Ends automatic line numbering mode in Integer BASIC. 

Format: MAN 

Automatic line numbering is instituted with AUTO. 
Type CONTROL-X to temporarily halt the generation of line 

numbers, and then enter MAN. 
MAN is not available in Applesoft. 

I MAXFILES I 
Specifies the maximum number of DOS 3.3 files that may be 

active at any one time. 

Format: MAXFILES limit 

When executed, MAXFILES sets aside 595 bytes of memory (a 
file buffer) for each file. MAXFILES is automatically set to 3 
when you load DOS 3.3, and it can be increased to a maximum of 
16. 

All DOS 3.3 commands except MAXFILES, PR#, and IN# use 
a file buffer while they are executing. If you attempt to execute 
any DOS 3.3 command when there is no buffer free, the error 
message NO BUFFERS AVAILABLE appears. 

MAXFILES resets HIMEM:, and that may erase part of your 
program or its variable storage. Execute MAXFILES before you 
run your program. If you use MAXFILE S within an Applesoft 
program, use it as the first statement. 

This is a DOS 3.3 command, requiring PRINT and CHR$( 4) or 
CONTROL-D in programmed mode. 

Causes DOS 3.3 commands and data flow to be displayed on 
the screen. 

Format: MON [C] [,][1] [,][0] 



Commands, Statements, and Functions I 469 

The three parameters dictate what is displayed. If C is speci­
fied, all DOS 3.3 commands are displayed on the screen. If I is 
specified, all data input to the Apple II from the disk is dis­
played. If 0 is specified, all data output from the Apple II to the 
disk is displayed. These parameters may be used in any combina­
tion and in any order. If none of them are present, MON has no 
effect. MON remains in effect until a NOMON, FP, or INT is 
executed, the system is restarted, or on some machines, RESET is 
struck. 

This is a DOS 3.3 command, requiring PRINT and CHR$(4) or 
CONTROL-Din programmed mode. 

Deletes the current program and all variables from memory. 

Format: NEW 

NEW also resets LOMEM:, but does not affect HIMEM:, 
COLOR, or HCOLOR. 

NEW may only be used in immediate mode in Integer BASIC. 

Terminates the loop started by a FOR instruction. 

General Format: NEXT varnm [,varnm . .. ] 
Additional Applesoft Format: NEXT 

When NEXT is executed, loop index variable varnm is incre­
mented by an amount specified in the corresponding FOR state­
ment. The program then either continues with the instruction 
following NEXT or loops back to the corresponding FOR, 
depending on the parameters set in the FOR statement. See the 
discussion of FOR earlier in this appendix. 

If there is no currently active FOR loop that matches varnm, an 
error will occur. The message ?NEXT WITHOUT FOR ERROR 
is displayed by Applesoft; *** BAD NEXT ERR is displayed by 
Integer BASIC. 
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Multiple variables following NEXT must be listed in the 
proper order (the last loop initiated must be terminated first), or 
an error will occur. 

In Applesoft you may use NEXT with no identifying variable 
name. The loop variable defaults to that of the most recently 
begun FOR loop that is still in effect. NEXT with no variable 
executes more rapidly than NEXT with a variable. 

NEXT may not be used in immediate mode in Integer BASIC. 
In Applesoft, an immediate mode NEXT may cause a branch to a 
FOR that was executed in programmed mode and is still active. 

INODSPI 

Cancels the display of changing values for the specified vari­
able in Integer BASIC. 

Format: NO DSP var 

NO DSP is not available in Applesoft. 

I NOMONI 

Ends the display of DOS 3.3 commands or data flow that was 
initiated by MON. 

Format: NOMON [C] [,][1] [,][0] 

Each parameter specified cancels part of the display started by 
MON. If C is specified, DOS 3.3 commands are not displayed. If I 
is specified, data input to the Apple II from the disk is not dis­
played. If 0 is specified, data output from the Apple II to the disk 
is not displayed. These parameters may be used in any combina­
tion and in any order. If MON is not in effect for the parameter or 
parameters specified or if no parameters are specified, NOMON 
has no effect. 

This is a DOS 3.3 command, requiring PRINT and CHR$( 4) or 
CONTROL-D in programmed mode. 
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I NORMAL I 
This Applesoft statement switches to normal character style. 

Format: NORMAL 

All output from subsequently executed PRINT statements will 
appear as white characters on a black background. However, any 
previously displayed characters are unaffected. 

NORMAL is not available in Integer BASIC. 

I NO TRACE I 
Turns off the tracing of program execution that was initiated 

by TRACE. 

Format: NO TRACE 

If TRACE is not in effect, NO TRACE has no effect. 

I ONERR GOTO I 
Branches to a specified line number when a subsequent error 

occurs in an Applesoft program. 

Format: ONERR GOTO line 

This command sets a flag that causes the program to branch to 
the line when an error occurs. ONERR GOTO must be executed 
before the error occurs. 

Each type of error has a code number. The code of the most 
recently occurring error is stored in memory location 222. 
PEEK(222) retrieves the error codes. The error codes and their 
messages are listed in Appendix B. 

Except on an Enhanced Apple lie, when an error occurs inside 
a FOR-NEXT loop or in a subroutine, the pointers and stacks 
may be disrupted. If your error-handling routine returns to a 
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Table A -10. Machine Language Fix for ON ERR GOTO 

MACHINE LANGUAGE 6502 ASSEMBLY LANGUAGE 

Decimal Hexadecimal Instruction Comments 

104 68 PLA Put top byte of stack 
in Accumulator 

168 AS TAY And save it in Y index 
register 

104 68 PLA Put next byte of stack 
in Accumulator 

166 A6 LDX $DF Use ONERR pointer 
223 DF as stack address 
154 9A TXS Push saved stack con-
72 48 PHA tents on 'ONERR' 

152 98 TYA stack (two bytes-
72 48 PHA from Accumulator 

and Y register) 
96 60 RTS Return to Applesoft 

NEXT or RETURN statement, an error may occur. The Apple II 
will lock up if there are two GET errors in a row and if the error­
handling routine ends with RESUME, not GOTO. In programs 
that use PRINT statements (or if TRACE is in effect), the 43rd 
error not arising from an INPUT statement causes a jump to the 
Monitor. In this situation, if GOTO ends the error-handling rou­
tine (instead of RESUME), the 87th INPUT error causes a jump 
to the Monitor. 

To circumvent the problems just described, your program can 
call the machine language program listed in Table A-10 each time 
it intercepts an error. Use POKE statements to put the decimal 
numbers into memory locations 768 through 777 (or any available 
memory locations). Then use a CALL 768 statement from your 
error-handling routine. 

ONERR GOTO is not available in Integer BASIC and cannot 
be used in immediate mode. 

I ON-GOSUB I 

Provides conditional subroutine calls to one of several subrou­
tines in an Applesoft program, depending on the current value of 
an expression. 
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Format: ON exprnm GOTO line [,line ... ] 

The program branches to the first line number when the inte­
ger value of the expression is 1, to the second when it is 2, and so 
on. The next RETURN statement encountered sends the program 
back to the line following the ON -GO SUB. 

The expression must have a value in the range 0 through 255 or 
the message ?ILLEGAL QUANTITY ERROR will occur. If the 
expression evaluates to zero or to a value greater than the number 
of line numbers listed, program execution continues with the next 
instruction following the ON -GO SUB. 

ON -GO SUB is not available in Integer BASIC. (But refer to 
GOSUB for an Integer BASIC form of computed GOSUB.) 

I ON-GOTO I 
Causes a conditional branch to one of several points in an Apple­

soft program, depending on the current value of an expression. 

Format: ON exprnm GOTO line [,line . .. ] 

The program branches to the first line number when the inte­
ger value of the expression is 1, to the second when the integer 
value is 2, and so on. 

The expression must have a numeric value in the range 0 
through 255, or the message ?ILLEGAL QUANTITY ERROR 
will occur. When the expression evaluates to zero or to a value 
greater than the number of line numbers listed, program execu­
tion continues with the next instruction following the ON-GOTO. 

ON -GOTO is not available in Integer BASIC. (But see GOTO 
for an Integer BASIC form of computed GOTO.) 

I OPEN (ProDOS) I 
Prepares a ProDOS disk file for accessing. 

Format: OPEN paihname [,Llength] [,Ttype] [,Dn] [,Sn] 

If the named file does not exist, ProDOS creates it. If the file is 
already open, an error occurs. OPEN allocates a 1024-byte buffer 
in memory for the file named. Half the buffer is for input and 
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half is for output. If too little memory is available, an error 
occurs. 

As many as eight files can be open at once. Note that the EXEC 
command opens a file automatically and closes the file when it's 
done. The CLOSE command closes the file. 

The Llength option specifies the record length of a random­
access file. If the l_ength is not specified and the file exists, Pro­
DOS opens the file for sequential access. If the length is not 
stated and the file does not exist, ProDOS creates a sequential­
access file. 

The Ttype option can be used to specify a file type other than 
text. In that case, the file must exist as named. 

Dn and Sn can be specified in any order. If Dn or Sn is omit­
ted, the ProDOS prefix specifies the drive and slot. 

This is a ProD OS command, requiring PRINT and CHR$( 4) in 
programmed mode. 

OPEN cannot be used in immediate mode. 

I OPEN (DOS 3.3) I 
Prepares a sequential or random-access DOS 3.3 disk text file 

for accessing. 

Format: OPEN filename [,Llength] [,Dn] [,Sn] [,Vn] 

If the named file does not exist, DOS 3.3 creates it. If the file is 
already open, it is closed and then reopened. OPEN requisitions 
one of the 595-byte file buffers in memory for the text file speci­
fied. If all buffers are in use, an error occurs. 

The· Llength option specifies the record length of a random­
access file. The record length must be an integer constant 
between 1 and 32767. If the option is absent, the file is opened as a 
sequential file. 

If the disk in drive Dn. of slot Sn is not volume Vn, the 
VOLUME MISMATCH error results. 

Dn, Sn, and Vn can be specified in any order. If Dn or Sn is 
omitted, the last-referenced drive or slot is used. VO is used if Vn 
is absent. 

This is a DOS 3.3 command, requiring PRINT and CHR$( 4) or 
CONTROL-D in programmed mode. 

OPEN cannot be used in immediate mode. 
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Listed in the Functions section of this appendix. 

Listed in the Functions section of this appendix. 

Displays a point on the low-resolution graphics screen. 

Format: ~LOT col, row 

In low-resolution graphics mode, PLOT places a dot of color on 
the screen. The color of the dot is determined by the COLOR 
statement last executed. Column numbers range between 0 and 
39. Column 0 is at the left edge of the screen; column 39 is at the 
right. Row numbers range between 0 and 47. Row 0 is at the top 
of the screen, and row 47 is at the bottom. A point plotted in rows 
.40 through 47 will be in the four-line text window unless a POKE 
-16302,0 has been executed to eliminate the text window. 

In text mode or in the text window, PLOT places a character, 
rather than a dot, on the screen. Since a character occupies the 
space of two vertically stacked graphics dots, there are two dif­
ferent sets of PLOT coordinates that will cause a character to 
appear in a given location. To place a particular character on the 
screen, you must PLOT both halves of the character location. The 
character that appears is determined by the COLOR statement 
last executed before each half is plotted. 

You can determine which character will be displayed by com­
puting the screen code from the color numbers of the upper and 
lower points and looking up the screen code in Appendix E. To 
compute the screen code, multiply the color number of the lower 
point by 16 and then add the color number of the upper point. For 
example, if the color of column 10, row 21 is 0 and the color of 
column 10, row 20 is 1, the screen code is 1 (0*16+1), which is an 
inverse-style capital A. 
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The POKE statement stores a byte of data in a specified mem­
ory location. 

Format: POKE memadr, lYyte 

A value between 0 and 255, provided by lYyte, is written into 
memory at location memadr. If the memory location specified 
exceeds the maximum location in memory (for example, 16383 if 
you have 16K of memory) or accesses an output device that is not 
receiving, POKE has no effect. 

Use caution with POKE. Some memory locations contain 
information essential to the Apple II's uninterrupted operation. 
Changing random memory locations can destroy your program, 
lock up your system, or clobber your BASIC. 

Causes Applesoft to forget the return location for the most 
recently executed GOSUB statement. 

Format: POP 

POP effectively changes the most recently executed GOSUB 
statement into a GOTO statement (retroactively). The next 
RETURN statement executed will branch to the instruction 
immediately following the second most recently executed GOSUB. 
If the total number of POP and RETURN statements executed in 
a program exceeds the number of GOSUB statements executed, 
an error message will occur. 

I POSITION (ProDOS) I 
Moves the ProDOS disk file pointer the specified number of 

fields ahead of its current position. 

Formats: POSITION pathname,Fjield 

POSITION pathname,Rjield 
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The Fjield option specifies a number of fields (carriage return 
characters) to be skipped in the file. The Rjield option does 
exactly the same thing and is compatible with the DOS 3.3 oper­
ating system. 

This is a ProD OS command, requiring PRINT and CHR$( 4) in 
programmed mode. 

POSITION cannot be used in immediate mode. 

I POSITION (DOS 3.3) I 
Moves the DOS 3.3 disk file pointer the specified number of 

records ahead of its current position. 

Format: POSITION filename [, Rjield] 

If the file is not open when POSITION is executed, it is opened 
(see OPEN). The Rjield option specifies a number of fields (car­
riage return characters) to be skipped in the file. If the file is 
opened by POSITION, the fields are skipped from the beginning 
of the file. If any unused space is encountered in the file before 
the specified number of fields are skipped, the message END OF 
DATA occurs. 

This is a DOS 3.3 command, requiring PRINT and CHR$(4) or 
CONTROL-Din programmed mode. 

POSITION cannot be used in immediate mode. 

I PREFIX I 

Sets or reports the current ProDOS path prefix. 

Format: PREFIX [pathname] [,Dn] [,Sn] 

The pathname you specify in the PREFIX command will 
prefix all pathnames (including simple file names) in subsequent 
ProDOS commands. If a subsequent ProDOS command specifies 
no pathname or file name, the prefix is used alone. The prefix 
cannot be longer than 64 characters, including slashes. 

To clear the prefix, use PREFIX /. 
To see what the current prefix is, type PREFIX with no path-
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name. In programmed mode, the next INPUT statement after a 
simple PREFIX command reads the current prefix. 

Dn and Sn can be specified in any order. If Dn or Sn is omit­
ted, the ProDOS prefix specifies the drive and slot. 

This is a ProD OS command, requiring PRINT and CHR$( 4) in 
programmed mode. 

Usually used to switch output to a specified output device. 

Gtmeral Format: PR# slot 
Additional ProDOS Formats: PR# Amemloc 

PR# Amemloc,slot 

The general PR# format is the most common. It redirects the 
output of subsequent PRINT statements to a device attached to 
one of the numbered accessory card slots. 

The first additional ProDOS PR# format also redirects output 
of subsequent PRINT statements. Instead of a device number, it 
specifies the memory location of a program that controls an out­
put device (called a device driver). Table A-ll lists the memory 
locations of standard ProDOS output device driver programs. 

Table A -11. Standard ProDOS Output Device Drivers 

Memory 
Number Location Device 

0 47179* Display screen 
1 49408 Slot 1 (Serial or parallel adapter) 
2 49664 Slot 2 (Serial or parallel adapter) 
3 49920 Slot 3 or lie Auxiliary slot (So-column 

adapter) 
4 60176 Slot 4 (Mouse -commands only) 
6 60432 Slot 6 (Disk drives) 
6 60688 Slot 6 (Disk drives) 
7 . 60944 Slot 7 

•66008 if ProDOS is disabled. 
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The second additional ProDOS PR# format does not redirect 
output of subsequent PRINT statements. It only assigns the 
memory location of a device driver program to one of the device 
numbers. 

This ProDOS or DOS 3.3 command requires PRINT and 
CHR$(4) or CONTROL-D in programmed mode. 

I PRINT I 
Outputs characters to the screen or another output device. 

Format: PRINT [expr][{il ... [expr]] ... ] 

There are a number of acceptable variations on the PRINT 
statement. PRINT by itself outputs a carriage return character. 
When PRINT is followed by one or more expressions, the values 
of these expressions are printed. The way the values appear 
depends on their nature and on the use of semicolons or commas 
between values. 

Negative values are preceded by a minus sign; positive values 
are not preceded by a sign or a blank space. Scientific notation is 
used in Applesoft for values closer to zero than ±.01 and for any 
values with more than nine digits in front of the decimal point. 
String values are displayed just as they are. 

Commas and semicolons determine the spacing between printed 
values. A semicolon causes the next value to print immediately 
after the value just printed; the values are concatenated with no 
intervening spaces. A comma causes the next value to print at the 
next tab location, several spaces over from the last value. Except 
on an Enhanced Apple lie, commas do not work reliably for tab­
bing when the screen is displaying so-column lines. 

In Integer BASIC, tabs are eight characters apart, at columns 
1, 9, 17, and so on. If any nonblank character is printed in the 
space just ahead of a tab (for example, in column 16), that tab 
stop is inactivated. 

Applesoft places tabs 16 characters apart, at columns. Tabs on 
the display screen are inactivated according to a scheme illus­
trated in Figure 9-2. For other devices, a tab is inactivated if a 
nonblank character is printed just ahead of it (for example, in 
column 32). 
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If the list of expressions does not end with a comma or semi­
colon, a carriage return character is output following the last item 
in the list. If the list ends with a semicolon, the first character 
printed by the next PRINT statement will print directly follow­
ing the last character printed by the current PRINT statement, 
with no intervening spaces. If the list ends with a comma, the 
next output will be in the first position of the next tab field. 

In Applesoft, items may be listed with no intervening commas 
or semicolons. Output for such items is concatenated as if the 
items were separated by semicolons. In Integer BASIC, all items 
must be separated by either a comma or a semicolon. 

Applesoft recognizes a question mark(?) as an abbreviation for 
PRINT. The word PRINT will be spelled out when the program 
is listed, however. 

\ READ (ProDOS) I 
Switches to input from a ProDOS disk file. 

Format: READ pathname [,Rrecord] [,Ffield] [,Bbyte] 

After a READ statement is executed, all INPUT and GET 
statements take characters from the named file, starting at the 
optional record number (random-access files only).· The next 
ProDOS command, including CHR$(4), disables the READ 
command. 

The Ffield option specifies a number of fields (carriage return 
characters) to be skipped before reading. The Bbyte option speci­
fies a number of bytes (characters) to skip ahead before reading. 

This is a ProD OS command, requiring PRINT and CHR$( 4) in 
programmed mode. 

READ cannot be used in immediate mode. 

I READ (DOS 3.3) I 
Specifies a DOS 3.3 disk file from which subsequent INPUT 

and GET commands will obtain data. 

Format: READ filename [, Rrecord] [, Bbyte] 
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If the file specified is not already open, it is opened (see OPEN). 
All subsequent INPUT and GET statements receive characters 
from the disk until the next DOS 3.3 command occurs. If the file 
is not on the disk, the message FILE NOT FOUND appears. 

The Rrecord option specifies the record number of a random­
access file. If that option is absent, the file will be read as a 
sequential-access file. The Bbyte option specifies a number of 
bytes (characters) to skip ahead before reading. The numbers fol­
lowing B and R must be integer constants between 0 and 32767. 

This is a DOS 3.3 command, requiring PRINT and CHR$( 4) or 
CONTROL-Din programmed mode. 

This statement may not be used in immediate mode. 

I READ (Applesoft) I 
Assigns values from Applesoft DATA statements to variables. 

Format: READ var [, var ... ] 

A pointer to the list of DATA statement values determines 
which value to assign to the first variable in the READ state­
ment. At the start of the program and after a RESTORE state­
ment, the pointer points to the first DATA value. As each READ 
statement variable gets a value, the pointer moves ahead to the 
next value. 

The variables may be of any type but must match the type of 
the corresponding DATA list values. A numeric value assigned to 
a string variable causes no problem. A string assigned to a 
numeric variable causes the message ?SYNTAX ERROR to be 
displayed. The line number of the offending DATA statement is 
announced with the error message. 

If READ attempts to assign more variables than there are 
DATA values, the ?OUT OF DATA ERROR message appears, 
with the line number of the offending READ statement. 

READ may be executed in immediate mode as long as the pro­
gram in memory contains enough DATA values. Otherwise, the 
message ?OUT OF DATA ERROR occurs. If ProDOS or DOS 
3.3 is present, a READ in immediate mode is interpreted as an 
operating system command, and the message NOT DIRECT 
COMMAND is displayed. 

READ is not available in Integer BASIC. 
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I RECALL I 
Retrieves an Applesoft numeric array from cassette tape. 

Format: RECALL varnm 

Applesoft waits indefinitely until the array is found on the 
tape; no other instruction can be executed in the meantime. 
RECALL does not control tape movement nor advise when to 
start the cassette recorder in playback mode. The Apple II does 
beep when it starts getting array values, and it beeps again when 
the array values stop. The array must be dimensioned before the 
RECALL statement is executed, or the message ?OUT OF 
DATA ERROR is generated (see DIM). 

You need not use the same array variable name in the 
RECALL statement as was used in the STORE statement for the 
same values. You should use an array with the same dimensions 
as the one that was stored, however. If the array that was stored 
contains more elements than the recalled array, the message 
?OUT OF DATA ERROR occurs. If the recalled array contains 
at least as many elements as the stored array but does not have 
exactly the same dimensions, the message ERR is generated, but 
program execution continues. 

If the recalled array has more elements than the stored array, 
the values in the recalled array will usually be scrambled. There 
are two exceptions. You may recall into an array that has the 
same number of dimensions as the stored array, where each 
dimension except the last is the same size as the corresponding 
dimension in the stored array. The last dimension may be larger 
in the recalled array. You may also recall into an array with 
more dimensions than are in the stored array, if the dimensions 
that are in the array match the corresponding dimensions in the 
recalled array (or exceed them, in the case of the last dimension 
of the stored array). 

String arrays cannot be used with RECALL. Recalled numeric 
values can be converted to string values with the CHR$ function, 
however. 

RECALL is not available in Integer BASIC. 
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The REM statement allows comments to be placed in the pro­
gram for documentation purposes. 

Format: REM comment 

The comment is any sequence of characters that will fit on the 
current program line. · 

Remark statements are reproduced in program listings, but 
they are otherwise ignored. A REM statement may be placed on 
a line of its own, or it may be placed as the last statement of a 
multiple-statement line. REM cannot be placed ahead of any 
other statements on a multiple-statement line, since all text fol­
lowing the REM is treated as a comment. 

I RENAME (ProDOS) I 

Changes the name of a ProDOS disk file without altering the 
file's contents. 

Format: RENAME old pathname, new pathnarne [,Dn] [,Sn] 

Both the old pathname and the new pathname must be in the 
same directory. RENAME cannot move a file from one directory 
to another; use the STARTUP program on the System Master 
disk to do that. The file cannot be open or locked. Duplicate file 
names are not allowed in the same directory. However, a file in 
one directory can have the same name as another file in a differ­
ent directory, because their paths are different. 

Dn and Sn can be specified in any order. If Dn or Sn is omit­
ted, the ProDOS prefix specifies the drive and slot. 

This is a ProD OS command, requiring PRINT and CHR$( 4) in 
programmed mode. 
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I RENAME (DOS 3.3) I 

Changes the name of a DOS 3.3 disk file without altering the 
file contents. 

Format: RENAME old filename, new filename [,Dn] [,Sn] [,Vn] 

The file named old filename is found on the disk, and its name 
is changed to new filename. If the file is open, it is closed (see 
CLOSE). The file is not affected in any other way. 

RENAME will readily change the file name to one that 
already exists on the disk; in fact, it will do this any number of 
times. You must make sure that there is no file already named 
new filename before RENAME is executed. 

If the old filename does not exist on drive Dn of slot Sn, the 
FILE NOT FOUND error message is displayed. If the disk in 
drive Dn of slot Sn is not volume V n, the VOLUME MIS­
MATCH error results. 

Dn, Sn, and V n can be specified in any order. If Dn or Sn is 
omitted, the last-referenced drive or slot is used. VO is used if Vn 
is absent. 

This is a DOS 3.3 command, requiring PRINT and CHR$(4) or 
CONTROL-D in programmed mode. 

I RESTORE (ProDOS) I 
Reads a set of Applesoft variables and values from a ProDOS 

disk file. 

Format: RESTORE pathname [,Dn] [,Sn] 

RESTORE clears all existing variables and their values from 
memory and replaces therri with variables and values unpacked 
from the specified disk file. The file must be type VAR. (See also 
STORE.) 

Dn and Sn can be specified in any order. If Dn or Sn is omit­
ted, the ProDOS prefix specifies the drive and slot. 

This is a ProD OS command, requiring PRINT and CHR$( 4) in 
programmed mode. 
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I RESTORE (Applesoft) I 
Resets the Applesoft DATA list pointer to the beginning of the 

list. 

Format: RESTORE 

Subsequent READ statements start at the first DATA value. 
RESTORE is not available in Integer BASIC. 

I RESUME I 
Causes an Applesoft program to resume execution at the 

beginning of the statement in which an error occurred. 

Format': RESUME 

RESUME may only be used after an ONERR GOTO branch 
has been triggered by an error. If RESUME is executed when no 
error has occurred, the results are unpredictable but generally 
tragic. 

RESUME is not available in Integer BASIC and cannot be 
used in immediate mode. 

I RETURN I 
Causes the program to branch to the statement immediately 

following the most recently executed GOSUB. 

Format: RETURN 

The POP statement will obliterate all knowledge of the most 
recent GOSUB, with the result that RETURN after POP causes 
a branch to the statement following the next most recent 
GO SUB. 

If more RETURN (and POP) statements than GOSUB state­
ments are executed in a program, an error message will occur. 
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IROT= I 
This Applesoft statement sets the orientation of high-resolution 

shapes drawn by DRAW or XDRAW. 

Format: ROT=exprnm 

ROT= 0 draws the shape in the orientation with which it was 
defined. The shape is rotated 90 degrees clockwise for each 
increment of 16 in the value of exprnm. Thus, ROT=32 draws the 
shape upside down, and ROT=64 draws the shape in its original 
orientation. Values for exprnm greater than 64 are evaluated 
modulo 64 ( 65 is the same as 1, 66 is the same as 2, and so on). 

When SCALE has been set to 1, there are only four recognized 
values for ROT. They are 0, 16, 32, and 48 (and values greater 
than 63 equivalent to these values). When SCALE=2 there are 
eight values, when SCALE= 3 there are 16 values, and so on up to 
a maximum of 64 different recognized values. An unrecognized 
value for ROT will be treated as if it were the next-lower recog­
nized value. 

The exprnm must have a value in the range 0 through 255 or 
the message ?ILLEGAL QUANTITY ERROR will be gener­
ated when the ROT command is executed. 

ROT is not recognized as a reserved word unless the character 
"=" is the first nonspace character following the command. 

ROT is not available in Integer BASIC. 

I RUN (ProDOS) I 
Loads and runs an Applesoft program from a ProDOS disk. 

Format: RUN pathname [,@line] [,Dn] [,Sn] 

The named program is loaded from the disk and then run. The 
program replaces any program previously in the Apple II 
memory. All variables and arrays are cleared, and any open files 
are closed. If no program exists as named, the existing program, 
variables, and files will be untouched. 

The @line option, if present, specifies a line number at which 
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the program is started. If the specified line number does not 
exist, the next-higher line number is used. 

Dn and Sn can be specified in any order. If Dn or Sn is omit­
ted, the ProDOS prefix specifies the drive and slot. 

This is a ProDOS command, requiring PRINT and CHR$(4) in 
programmed mode. 

I RUN (DOS 3.3) I 

Loads and runs a program from a DOS 3.3 disk. 

Format: RUN filename [,Dn] [,Sn] [,Vn] 

The program named filename is loaded from the disk and then 
run. If the load is successful, any program previously in memory 
is erased. 

If the program to be loaded and run is in Integer BASIC and 
the Apple II is currently in Applesoft, or vice versa, the Apple II 
switches to the proper language. If necessary, it will load the 
Applesoft interpreter from the specified disk. If the language is 
not available, the message LANGUAGE NOT AVAILABLE is 
displayed. 

If the file does not exist on drive Dn of slot Sn, the FILE NOT 
FOUND error message is displayed. If the disk in drive Dn of 
slot Sn is not volume Vn, the VOLUME MISMATCH error 
results. 

Dn, Sn, and V n can be specified in any order. If Dn or Sn is 
omitted, the last-referenced drive or slot is used. VO is used if Vn 
is absent. 

This is a DOS 3.3 command, requiring PRINT and CHR$(4) or 
CONTROL-D in programmed mode. 

I RUN (BASIC) I 
Executes the program currently in memory, optionally starting 

at the specified line number. 

General Format: RUN [line] 
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If there is no line number line, an error occurs. 

Additional Integer BASIC Format: RUN exprnm 

In Integer BASIC, the starting line number can be a numeric 
expression. This form of RUN may only be used in immediate 
mode and in Integer BASIC. 

I SAVE (ProDOS) I 
Saves an Applesoft program onto a ProDOS disk. 

Format: SAVE pathname [,Dn] [,Sn] 

If there is no file as named, a file is created and the program 
currently in memory is saved in it. If a file of type BAS exists as 
named, the program is saved in it. If a file of a different type 
exists as named, an error message occurs. 

Warning: Be careful to type the right pathname. If you use the 
wrong name and a file with that name exists, ProDOS replaces 
the program it contains with the program in memory-with no 
warning. 

Dn and Sn can be specified in any order. If Dn or Sn is omit­
ted, the ProDOS prefix specifies the drive and slot. 

This is a Pro DOS command, requiring PRINT and CHR$( 4) in 
programmed mode. 

I SAVE (DOS 3.3) I 
Saves the program currently in memory onto a DOS 3.3 disk. 

Format: SAVE filename [,Dn] [,Sn] [,Vn] 

If there is no file as named, a file is created with that name in 
the language of the current program, and the program currently 
in memory is saved on it. If there is a file named filename in the 
same language as the current program, the contents of that file 
are erased and the current program is saved in its place. If the 
filename exists but in a different language or with a different file 
type, the message FILE TYPE MISMATCH will occur. 
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Warning: Be careful to type the right filename. If you use the 
wrong name and a file with that name exists, DOS 3.3 replaces 
the program it contains with the program in memory-with no 
warning. 

If the disk in drive Dn of slot Sn is not volume V n, the 
VOLUME MISMATCH error results. 

Dn, Sn, and Vn can be specified in any order. If Dn or Sn is 
omitted, the last-referenced drive or slot is used. VO is used if Vn 
is absent. 

This is a DOS 3.3 command, requiring PRINT and CHR$(4) or 
CONTROL-D in programmed mode. 

I SAVE (Casseffe) I 
Saves the program currently in memory onto a cassette. 

Format: SAVE 

This form saves the program currently in memory on cassette 
tape. You must have the cassette recorder running in RECORD 
mode when SAVE is executed. The Apple II does not remind you 
to do this. The Apple II beeps as it starts to save a program and 
beeps again when it is finished. The second beep is your signal to 
manually stop the cassette recorder. 

SAVE may only be used in immediate mode in Integer BASIC. 

I SCALE=I 

This Applesoft statement sets the size of high-resolution graph­
ics shapes drawn by DRAW or XDRAW. 

Format: SCALE= exprnm 

The size of the shape in the shape table is multiplied by the 
integer value of exprnm. Thus, if SCALE=! the shape will be 
drawn just as it was defined; if SCALE= 2 it will be drawn twice 
that size, and so on. If SCALE= 0 the shape is drawn 255 times 
the size of the original. 

The value of exprnm must be in the range 0 through 255 or the 
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message ?ILLEGAL QUANTITY ERROR will occur when the 
SCALE command is executed. 

SCALE is not recognized as a reserved word unless the charac­
ter "=" is the first nons pace character following the command. 

SCALE is not available in Integer BASIC. 

I SHLOAD I 
This Applesoft statement loads a high-resolution graphics 

shape table from cassette tape. 

Format: SHLOAD 

The shape table is loaded into memory just below HIMEM: and 
HIMEM: is set just below the shape table. The starting location 
of the table is stored in memory locations 232 and 233. In order to 
save a shape table on tape, you must use the Machine Language 
Monitor's write-memory command, as described in Chapter 14. 

SHLOAD is not available in Integer BASIC. 

I SPEED I 
This Applesoft statement changes the rate at which characters 

are output. 

Format: SPEED exprnm 

The value of exprnm establishes the rate at which characters 
appear on the display screen or other output device. Speeds range 
from 0 (slowest) to 255 (fastest). 

SPEED is not available in Integer BASIC. 

Causes an Applesoft program to halt. 

Format: STOP 
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The Apple II returns to immediate mode. The message BREAK 
IN line is displayed, where line is the line number at which the 
STOP was executed. 

STOP is not available in Integer BASIC. 

I STORE (ProDOS) I 
Saves all variables and their current values in a ProDOS disk 

file. 

Format: STORE pathname [,Dn] [,Sn] 

The variables and values are saved in a special packed format 
on the named file. STORE also cleans up the string storage area 
of memory (like FRE) before writing to disk. (See also 
RESTORE.) 

Dn and Sn can be specified in any order. If Dn or Sn is omit­
ted, the ProDOS prefix specifies the drive and slot. 

This is a ProD OS command, requiring PRINT and CHR$( 4) in 
programmed mode. 

I STORE (Cassette) I 
Saves the specified Applesoft array on cassette tape. 

Format: STORE varnm 

STORE does not control tape movement, nor does it advise 
when to start the cassette recorder in RECORD mode. You must 
have the cassette recorder running and ready to record when 
STORE is executed. Your Applesoft program should display advi­
sories (via PRINT statements). The Apple II does beep when it 
starts saving values, and beeps again when it stops. 

You may only STORE numeric arrays. String arrays must be 
converted to integer values using the ASC function in order to be 
stored (see also RECALL). 

STORE is not available in Integer BASIC. 
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This Integer BASIC statement positions the cursor to the speci­
fied column on the current display line. 

Format: TAB col 

The cursor moves right or left to the column specified by the 
value of col, without erasing any displayed characters. Columns 
are numbered from 1 to 40 (left to right). For column numbers 
greater than 40, use POKE 36, col. TAB works the same way with 
printers. 

For Applesoft, use the HTAB statement. See also the TAB 
function listed in the Functions section of this appendix. 

Returns the screen to the usual full-screen text mode from any 
of the graphics modes. 

Format: TEXT 

The prompt character and cursor are moved to the last line of 
the screen. If issued in text mode, this is the only result. If the 
text window has been set to anything other than full-screen, 
TEXT resets it to full-screen. 

TEXT does not clear the screen, or more precisely, does not 
clear page 1 of low-resolution screen memory. Since the normal 
text mode uses the same screen memory as low-resolution graph­
ics, executing TEXT while in low-resolution graphics mode will 
leave the top 20 lines of the screen filled with strange characters. 

I TRACE I 
Displays the line number of each statement as it is executed. 

Format: TRACE 
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This debugging aid may cause line numbers to be displayed 
intermixed with your program's output, rendering one or both 
illegible. TRACE can only be turned off by NO TRACE. 

I UNLOCK (ProDOS) I 
Unlocks a ProDOS disk file or directory, permitting it to be 

changed. 

Format: UNLOCK pathname [,Dn] [,Sn] 

Once unlocked, a file can be deleted, changed, or renamed. No 
asterisk precedes the name of an unlocked file in a disk directory 
listing. 

Dn and Sn can be specified in any order. If Dn or Sn is omit­
ted, the ProDOS prefix specifies the drive and slot. 

This is a ProD OS command, requiring PRINT and CHR$( 4) in 
programmed mode. 

I UNLOCK (DOS 3.3) I 
Unlocks a DOS 3.3 file, permitting it to be changed. 

Format: UNLOCK filename [, Dn] [, Sn] [,V n] 

Once unlocked, a file can be deleted, changed, or renamed. 
If the file does not exist on drive Dn of slot Sn, the FILE NOT 

FOUND error message is displayed. If the disk in drive Dn of 
slot Sn is not volume Vn, the VOLUME MISMATCH error 
results. 

Dn, Sn, and Vn can be specified in any order. If Dn or Sn is 
omitted, the last-referenced drive or slot is used. VO is used if Vn 
is absent. 

This is a DOS 3.3 command, requiring PRINT and CHR$( 4) or 
CONTROL-D in programmed mode. 
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Listed in the Functions section of this appendix. 

I VERIFY I 

Checks that a DOS 3.3 file can be read. 

Format: VERIFY filename [,Dn] [,Sn] [,Vn] 

If a file can be read, no message is returned. If it cannot, the 
message 1/0 ERROR is generated. Any type of file may be 
verified. 

If the file does not exist on drive Dn of slot Sn, the FILE NOT 
FOUND error message is displayed. If the disk in drive Dn of 
slot Sn is not volume Vn, the VOLUME MISMATCH error 
results. 

Dn, Sn, and Vn can be specified in any order. If Dn or Sn is 
omitted, the last-referenced drive or slot is used. VO is used if Vn 
is absent. 

This is a DOS 3.3 command, requiring PRINT and CHR$( 4) or 
CONTROL-D in programmed mode. 

Draws a vertical line on the screen in low-resolution graphics 
mode. 

Format: VLIN row 11 row2 AT col 

The line is drawn from row 1 to row2 in the column specified by 
col. The color is determined by the COLOR statement last exe­
cuted. If the screen is in text mode, or if the text window is pres­
ent and either row is greater than 39, some or all of the line will 
appear as characters instead of graphics dots. The characters 
used are determined by previously executed COLOR statements 
(see PLOT for particulars). 

In Integer BASIC, row1 must be less than or equal to row2 or 
the message ***RANGE ERR will be displayed. 
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IVTABI. 
Positions the cursor to the specified line in the current display 

column. 

Format: VTAB row 

The cursor moves up or down to the line specified by the value 
of row, without erasing any displayed characters. Rows are num­
bered from 1 to 24 (top to bottom). 

Halts an Applesoft program until a particular memory location 
attains a specified condition. 

Format: WAIT memadr, exprnm1 [,exprnm2] 

WAIT checks all or part of the eight bits of memory location 
memadr for the pattern of ones and zeros specified by the binary 
value of exprnm2• The binary value of exprnm1 determines which 
bits of the memory location to consider and which to ignore. If a 
particular bit of exprnml is 1, the corresponding bit of memory 
location memadr is checked. Conversely, WAIT ignores those 
memory bits that correspond to 0 bits in the binary value of 
exprnm2• 

As long as the significant bits (as determined by exprnm1) of 
memadr are all different from the corresponding bits of exprnm2, 

the wait continues. The moment any pair of significant bits are 
the same (either both 0 or both 1), the wait is over and the Apple­
soft program continues. 

If exprnm2 is absent, 0 is used. 
WAIT can only be interrupted by CONTROL-RESET (or a power­

off). The value of the numeric expressions must be in the range 0 
through 255 or the message ?ILLEGAL QUANTITY ERROR 
will be generated. If the specified memory location is greater 
than the maximum location in memory (for example, 32767 if you 
have 32K of memory) or if the specified location accesses an out­
put device that is not receiving, WAIT will lock up the system 
until you press CONTROL-RESET. 

WAIT is not available in Integer BASIC. 
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I WRITE (ProDOS) I 
Switches output to a ProDOS disk file. 

Format: WRITE pathname [,Rrecord] [,Fjield] [,Bbyte] 

After a WRITE statement is executed, all PRINT statements 
send characters to the named file, starting at the optional record 
number (random-access files only). Other characters, including 
error messages, that would normally appear on the screen also go 
to the disk file. However, the question mark or prompt message 
displayed by an INPUT statement is not sent to the disk file. The 
next ProD OS command, including CHR$( 4), disables the WRITE 
command. 

The Fjield option specifies a number of fields (carriage return 
characters) to be skipped before writing. The Bbyte option speci­
fies a number of bytes (characters) to skip ahead before writing. 

This is a ProD OS command, requiring PRINT and CHR$( 4) in 
programmed mode. 

WRITE cannot be used in immediate mode. 

I WRITE (DOS 3.3) I 
Specifies a DOS 3.3 disk file to which subsequent PRINT 

statements will send output. 

Format: WRITE filename [, Rrecord] [, Bbyte] 

If the file specified is not already open, it is opened (see OPEN). 
Subsequent PRINT statements save data on the disk until the 
next DOS 3.3 command occurs. While WRITE is in effect, every 
character that the Apple II outputs that would normally be sent 
to the screen is sent to the disk. This includes the question mark 
generated by INPUT and any error messages. If the file is not on 
the disk, the message FILE NOT FOUND appears. 

The Rrecord option specifies the record number of a random­
access file. If that option is absent, the file will be written to as a 
sequential-access file. The Bbyte option specifies a number of 
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bytes (characters) to skip ahead before writing. The numbers fol­
lowing B and R must be integer constants between 0 and 32767. 

The Bbyte option can be used to write beyond the last character 
already in the file. This data can later be read, but any attempt to 
read intervening unused bytes generates the OUT OF DATA 
message. 

WRITE is a DOS 3.3 command, requiring PRINT and CHR$(4) 
or CONTROL-D in programmed mode. 

WRITE may not be used in immediate mode. 

I xoRAwl 

This Applesoft statement draws a high-resolution graphics 
shape on the screen, and if used a second time with the same 
parameters, erases that shape. 

Format: XDRAW exprnm [AT colh, rowh] 

Shape number exprnm from the shape table is drawn, with 
each point in the color that is the complement of the color on the 
screen at that point. White and black are a complementary pair, 
as are green and blue and the two colors set by HCOLOR values 5 
and 6 (see Table 12-5). The scale and rotation of the shape must 
be set by the SCALE and ROT commands before the XDRAW 
command is executed. 

You use XDRAW instead of DRAW so that you can easily erase 
a shape you have drawn. Since XDRAW draws in the color com­
plementary to the color that was previously at that point, if you 
execute two (or four, six, and so on) XDRAW statements with the 
same parameters, whatever is on the screen will be unchanged. 

If you do not specify a location in the XDRAW statement, the 
shape is drawn starting at the point plotted by the last executed 
DRAW, XDRAW, or HPLOT command. If you do specify a loca­
tion, the shape is drawn starting at that point ( colh, rowh ). 

The shape number, exprnm, must have a value between 0 and 
the number of shapes in the shape table (which must not exceed 
255), inclusive. 

This statement is not available in Integer BASIC. 
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FUNCTIONS ___________ _ 

Apple II BASIC functions are described below in alphabetical 
order. Nomenclature and abbreviations are described at the 
beginning of this appendix. 

Many of the functions are available only in Applesoft. These 
functions are appropriately identified. 

Computes the absolute value of a number. This is the value of 
the number without regard to sign. 

Format: ABS exprnm 

Determines the ASCII code number for a specified character. 

Format: ASC (expr$) 

If the string is longer than one character, ASC returns the 
ASCII code for the first character in the string. The code 
returned will not necessarily be the lowest ASCII code (in the 
range 0 through 127) for that character. When displayed on the 
screen, the characters generated by ASCII codes between 128 
and 255 duplicate those between 0 and 127. However, they are not 
evaluated as the same character by relational operators such as 
<, >, and =. They may be treated differently by printers and 
other output devices as well. If the first character of expr$ is 
ASCII code 0, the message ?SYNTAX ERROR is generated. If 
expr$ is a null string, the message ?ILLEGAL QUANTITY 
ERROR is produced. 

ASCII codes are listed in Appendix E. 

Computes the arctangent of the argument. 
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Format: ATN (exprnm) 

Computes the arctangent, in radians, of exprnm. The angle 
returned is in the range -rr/2 through rr/2. 

This function is not available in Integer BASIC. 

I CHR$1 

Determines the string value of the specified ASCII code. 

Format: CHR$ (exprnm) 

Determines the character represented by the integer value of 
exprnm, interpreted as an ASCII code. You will find a table of 
ASCII character codes in Appendix E. Use this function to gen­
erate characters you cannot produce at the keyboard for control­
ling external devices and accessories. The value of exprnm must 
be in the range 0 through 255 or the message ?ILLEGAL 
QUANTITY ERROR will appear. 

This function is not available in Integer BASIC. 

Computes the cosine of an angle. 

Format: COS (exprnm) 

Computes the cosine of exprnm radians. This function is not 
available in Integer BASIC. 

Computes e raised to a power. 

Format: EXP (exprnm) 

Computes e (the base of natural logarithms, 2. 71828183) raised 
to the power exprnm. This function is not available in Integer 
BASIC. 
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Invokes a previously defined user-defined function. 

Format: FN varnm (exprnm) 

The varnm is the name of the function. The value of the 
exprnm is assigned everywhere the dummy variable occurs in the 
function definition, and the resulting expression is evaluated. See 
DEF FN in the Commands and Statements section of this 
appendix. 

A function may not be recursive; that is, exprnm may not refer 
to FN varnm nor to any other function which refers to FN 
varnm. 

If you attempt to use FN varnm before the DEF FN varnm 
statement has been executed, you will receive the ?UNDEF'D 
FUNCTION ERROR message. 

This function is not available in Integer BASIC. 

Determines the number of bytes of memory currently available 
to an Applesoft program. 

Format: FRE (exprnm) 

The memory available is that below the string storage area and 
above the array storage. If there are more than 32767 bytes of 
memory available, FRE returns a negative number. Add 65536 to 
this number to discover the actual amount of memory available. 

FRE also clears disused strings from the string storage area. 
When a string changes value during a program, the old value of 
the string is left in memory, and the new value is added to the 
string storage area. Eventually, this might infringe on memory 
you are using for something else. To prevent this problem, have a 
statement such as A = FRE (0) executed periodically in pro­
grams that use strings extensively. 

The value of exprnm is not used by FRE, but it will cause an 
error if it is illegal. 

This function is not available in Integer BASIC. 
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Computes the integer portion of a number. 

Format: INT (exprnm) 

Computes the largest integer less than or equal to the value of 
exprnm. This function is not available in Integer BASIC. 

Extracts the leftmost characters of a string. 

Format: LEFT$ (expr$, exprnm) 

Extracts the leftmost exprnm characters of expr$. The exprnm 
must be in the range 1 through 255, and expr$ may not have 
more than 255 characters. If exprnm is greater than the length of 
expr$, the entire string is returned. 

This function is not available in Integer BASIC. 

Determines the length of a string. 

Format: LEN (expr$) 

Counts the number of characters in expr$, including all spaces 
and nonprinting characters. If expr$ has more than 255 charac­
ters (possible only if expr$ is a string expression involving con­
catenation), the message ?STRING TOO LONG ERROR is 
generated. 

Computes the natural logarithm of a number. 

Format: LOG (exprnm) 
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Computes the natural logarithm of exprnm. If exprnm is zero 
or negative, returns ?ILLEGAL QUANTITY ERROR. 

This function is not available in Integer BASIC. 

Extracts any specified portion of a string. 

Format: MID$ (expr$ exprnm1 [,exprnm2]) 

Extracts exprnm2 characters from expr$, starting with the 
character exprnm1• If exprnm2 is absent, MID$ returns the por­
tion of expr$ from the character exprnm1 through the last char­
acter. If the length of expr$ is less than exprnmv the null string is 
returned. If there are fewer than exprnm2 characters in expr$ 
after exprnm1, the result is the same as if exprnm2 were absent. 
The expr$ must not exceed 255 characters, and exprnm1 and 
exprnm2 must each be in the range 1 through 255. 

This funcion is not available in Integer BASIC. 

Determines the current value of the game control (paddle) 
specified. 

Format: PDL (exprnm) 

The value returned is an integer between 0 and 255 based on 
the rotation of paddle number exprnm, or the resistance of a 
device connected to game controller socket exprnm. The game 
controls are numbered 0 through 3. If the paddle number is less 
than 0 or greater than 255, the message ?ILLEGAL QUAN­
TITY ERROR is displayed. If the paddle number is between 4 
and 255, PDL returns a somewhat unpredictable number between 
0 and 255 and may cause various side effects, such as a click 
from the speaker or a sudden shift in graphics mode. 

If two PDL instructions are executed consecutively or nearly 
consecutively, the second value may be affected by the first. 
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Make sure that several instructions are executed between PDL 
functions (an empty FOR-NEXT loop will do). 

Determines the contents of a memory location. 

Format: PEEK (memadr) 

The value returned is the decimal equivalent of the eight bits 
at memory location memadr. Appendix F lists some useful 
memory locations. 

Determines the column position of the cursor. 

Format: POS (exprnm) 

The expression is a dummy. It is not used and can therefore 
have any legal value. 

POS will return a value between 0 and 39. Character positions 
begin at 0 for the leftmost character. 

This function is not available in Integer BASIC. 

I RIGHT$ I 
Extracts the rightmost characters of a string. 

Format: RIGHT$ (expr$, exprnm) 

Extracts the rightmost exprnm characters of expr$. The value 
of exprnm must be in the range 1 through 255, and expr$ may not 
have more than 255 characters. If exprnm is greater than the 
length of expr$, the entire string is returned. 

This function is not available in Integer BASIC. 
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Computes a random number. 

Format: RND (exprnm) 

Computes a random number, the range of which depends on 
the value of exprnm and the version of BASIC. 

In Integer BASIC, RND returns a random integer between 0 
and exprnm - 1. Thus, RND ( 1) always returns 0, and RND (-2) 
produces a fifty-fifty mix of 0 and -1. Attempting to use RND 
(0) causes the message ***>32767 ERR to be displayed. 

In Applesoft, RND always returns a real number greater than 
or equal to 0 and less than 1. The value returned can be one of 
three types, depending on the sign of exprnm. If exprnm is posi­
tive, RND returns a different value each time it is used, unless a 
repeatable sequence has been started. 

A repeatable sequence starts when RND is used in Applesoft 
with a negative exprnm. Any particular negative value always 
starts the same sequence; subsequent positive arguments will 
return a repeatable sequence of random numbers. A different 
repeatable sequence is started by each different negative value of 
exprnm. This feature is useful for testing and debugging pro­
grams that use RND. 

If exprnm is 0 in Applesoft, RND returns the random number 
most recently generated (this is not affected by CLEAR or by 
NEW). 

Determines the color code of the low-resolution graphics point 
with the specified coordinates. 

Format: SCRN (col, row) 

If col is between 0 and 39, SCRN determines the color code of 
the graphics point (col, row). If col is between 40 and 47 and row 
is between 0 and 31, SCRN determines the color number of the 
graphics point (col - 40, row + 16). If col is between 40 and 47 
and row is between 32 and 47, SCRN returns a number unrelated 
to anything on the screen. 
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If SCRN is used while the screen is in high-resolution graphics 
mode, the number returned is related to the low-resolution 
graphics area of memory rather than the high-resolution display. 

If the screen is in text mode, or the text window is present and 
the point specified is within it, SCRN returns the color code of 
half of the character. The color code of the top half of the char­
acter is returned if the row is even, while that of the bottom half 
is returned if the row is odd. The ASCII code of the character at 
character position (a,b) (with a between 0 and 39 and b between 
0 and 23) is returned by the expression SCRN(a,2*b) + 
16*SCRN(a,2*b+l). Appendix E compares screen codes and 
ASCII codes. 

SC RN is only recognized as a reserved word if the next non­
space character is a left parenthesis. 

Determines whether a number is positive, negative, or zero. 

Format: SGN (exprnm) 

The SGN function returns + 1 if exprnm is positive, -1 if it is 
negative, and 0 if it is zero. 

Computes the sine of an angle. 

Format: SIN (exprnm) 

Computes the sine of exprnm radians. This function is not 
available in Integer BASIC. 

Generates a specified number of blank spaces. 

Format: SPC (exprnm) 
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The SPC function is used in PRINT statements to print 
exprnm blank spaces. On the display screen, any characters that 
the cursor passes over are erased. 

The SPC function moves right exprnm columns from the cur­
rent column position of the cursor. This is in contrast to a TAB 
function, which moves to a fixed column as measured from the 
leftmost column. 

This function is not available in Integer BASIC. 

Computes the square root of a positive number. 

Format: SQR (exprnm) 

A negative value of exprnm causes the ?ILLEGAL QUAN­
TITY ERROR message. SQR ( exprnm) operates faster than 
(exprnm)" {.5). 

This function is not available in Integer BASIC. 

Converts a numeric value to a string. 

Format: STR$ (exprnm) 

The value of exprnm is converted to a string. The string char­
acters are the same as those that would be printed by a PRINT 
exprnm statement. Therefore, STR$ (2/3) = ".666666667" and 
STR$ (2468013579) = "2.46801358E+09". If exprnm exceeds the 
limits for real numbers, the message ?OVERFLOW ERROR is 
displayed. 

This function is not available in Integer BASIC. 

Moves the cursor right to the specified column position. 
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Format: TAB (exprnm) 

Use TAB with the PRINT statement to move the cursor to 
column exprnm if exprnm is to the right of the cursor's current 
position. The cursor does not move if exprnm is not to the right of 
the current position. TAB prints blank spaces as it moves the 
cursor right, thereby erasing anything that was on the screen. 

For TAB, columns are numbered from 1 to 40. Except on an 
Enhanced Apple lie, use POKE 36, exprnm for column numbers 
greater than 40. TAB works the same way with printers. 

See also HTAB (Applesoft) and TAB (Integer BASIC) in the 
Commands and Statements section of this appendix. 

This function is not available in Integer BASIC. 

Computes the tangent of an angle. 

Format: TAN (exprnm) 

Computes the tangent of exprnm radians. 
This function is not available in Integer BASIC. 

Branches to a machine language subroutine, passing values in 
the floating point accumulator area of memory. 

Format: USR exprnm 

The value of exprnm is placed in the floating point accumulator 
(memory locations 157 through 163, $90 through $A3). Then an 
assembly language JSR $000A instruction is executed, branching 
to your subroutine via memory locations 10 through 12 ($0A 
through $0C). Those locations must contain an assembly lan­
guage JMP instruction that branches to the starting location of 
your subroutine. Since USR is a function, it returns a numeric 
real value. Whatever is in the accumulator when the assembly 
language subroutine executes an RTS instruction (returning to 
the Applesoft program) is the value returned. 
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There are many useful machine language subroutines present 
in the Machine Language Monitor. They are listed in Appendix G. 

See also the CALL statement described in the Commands and 
Statements section of this appendix. The CALL statement is 
available in Integer BASIC, but the USR function is not. 

Converts a string to a numeric value. 

Format: VAL (expr$) 

Returns the numeric value represented by expr$. If the first 
character of expr$ is not a numeric character, zero is returned. 
Otherwise, expr $ is taken character by character until an unac­
ceptable character is encountered. The acceptable characters are 
as follows: the digits 0 through 9, spaces, a decimal point, a lead­
ing plus or minus sign, and in the context of scientific notation, 
an additional plus or minus sign, an additional period, and the 
letter E. 

If expr$ is a string expression involving concatenation that con­
tains more than 255 characters, the message ?STRING TOO 
LONG ERROR occurs. If the numeric value of expr$ exceeds the 
limits of real numbers, the message ?OVERFLOW ERROR 
occurs. 

This function is not available in Integer BASIC. 

DERIVED NUMERIC FUNCTIONS _____ _ 

While the following list of derived functions is by no means 
complete, it does provide some of the most frequently needed 
formulas. Certain values of x will invalidate some functions -for 
example, if COS(x)=O, then SEC(x) is nonreal-so your program 
should check for them. 

None of the derived functions will operate in Integer BASIC. 

ARCCOS(x) = -ATN(x/SQR(-x*x+1))+1.5707633 
Computes the inverse cosine of x (ABS(x) < 1). 
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ARCCOT(x) = -ATN(x)+1.5707633 
Computes the inverse cotangent of x. 

ARCCOSH(x) = LOG(x+SQR(x*x>-1)) 
Computes the inverse hyperbolic cosine of x (x > = 1). 

ARCCOTHtx) = LOG((x+1)/(x-1))/2 
Computes the inverse hyperbolic cotangent of x (ABS(x)> 1). 

ARCCSC(x) = ATN(1/SQR(x*x-1))+(SGN(x)-1)*1.5707633 
Computes the inverse cosecant of x (ABS(x) > 1). 

ARCCSCH(x) = LOG((SGN(x)*SQR(x*x+1)+1)/x) 
Computes the inverse hyperbolic cosecant of x (x > 0). 

ARCSEC(x) = ATN(SQR(x*x-1))+(SGN(x)-1)*1.5707633 
Computes the inverse secant of x (ABS(x) > = 1). 

ARCSECH(x) = LOG((SQR(-x*x+1)+1)/x) 
Computes the inverse hyperbolic secant of x (0 < x < = 1). 

ARCSIN(x) = ATN(x/SQR(-x*x+1)) 
Computes the inverse sine of x (ABS(x) < 1). 

ARCSINH(x) = LOG(x+SQR(x*x+1)) 
Computes the inverse hyperbolic sine of x. 

ARTCTANH(x) = LOG((1+x)/(1-x))/2 
Computes the inverse hyperbolic tangent of x (ABS(x) < 1). 

COSH(x) = (EXP(x)+ EXP(-x))/2 
Computes the hyperbolic cosine of x. 

COT(x) = 1/TAN(x) 
Computes the cotangent of x (x < > 0). 

COTH(x) = EXP( -x)/(EXP(x)-EXP( -x))*2+ 1 
Computes the hyperbolic cotangent of x (x < > 0). 

CSC(x) = 1/SIN(x) 
Computes the cosecant of x (x < > 0). 

CSCH(x) = 2/(EXP(x)-EXP(-x)) 
Computes the hyperbolic cosecant of x (x < > 0). 

LOGa (x) = LOG(x)/LOG(a) 
Computes the base a logarithm of x (a> 0, x > 0). 
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Table A -12. Applesoft Reserved Words and Tokens* 

Reserved Reserved Reserved 
Word Token Word Token Word Token 

ABS (212) HTAB (150) REM (178) 
ABD (205) IF (173) RESTORE (174) 
ASC (230) IN# (139) RESUME (166) 
AT (197) INPUT (132) RETURN (177) 
ATN (225) INT (211) RIGHT$ (233) 
CALL (140) INVERSE (158) RND (219) 
CHR$ (231) LEFT$ (232) ROT= (152) 
CLEAR (189) LEN (227) RUN (172) 
COLOR= (160) LET (170) SAVE (183) 
CONT (187) LIST (188) SCALE= (153) 
cos (222) LOAD (182) SCRN( (215) 
DATA (131) LOG (220) SGN (210) 
DEF (184) LOMEM: (164) SHLOAD (154) 
DEL (133) MID$ (234) SIN (223) 
DIM (134) NEW (191) SPC( (195) 
END (128) NEXT (130) SPEED= (169) 
EXP (221) NORMAL (157) SQR (218) 
FLASH (159) NOT (198) STEP (199) 
FN (194) NOTRACE (156) STOP (179) 
FOR (129) ON (180) STORE (168) 
FRE (214) ONERR (165) STR$ (228) 
GET (190) OR (206) TAB( (192) 
GO SUB (176) PDL (216) TAN (224) 
GOTO (171) PEEK (226) TEXT (137) 
GR (136) PLOT (141) THEN (196) 
HCOLOR= (146) POKE (185) TO (193) 
HGR (145) POP (161) TRACE (155) 
HGR2 (144) POS (217) USR (213) 
HIM EM: (163) PRINT (186) VAL (229) 
HLIN (142) PR# (138) VLIN (143) 
HOME (151) READ (135) VTAB (162) 
HPLOT (147) RECALL (167) WAIT (181) 

XDRAW (149) 

*Reserved words in Applesoft are tokenized: each word takes up only one byte of program 
storage. The tokens are listed with each reserved word here. They are also listed in numerical 
order in Appendix E. 

LOG10(x) = LOG(x)/2.30258509 
Computes the common (base ten) logarithm of x (x > 0). 

MODa(x) = INT((xja- INT(x/a))•a +0.5)•SGN(x/a) 
Computes x modulo a: the remainder after division of x by a 
(a<> 0). 
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Table A -13. Integer BASIC Reserved Words 

Reserved Words 

ABS END LET PDL 
AND FOR LIST PEEK 
ASC GO SUB LOAD PLOT 
AT GOTO LOMEM: POKE 
AUTO GR MAN POP 
CALL HIMEM: MOD PRINT 
COLOR= HLIN NEW PR# 
CON IF NEXT REM 
DEL IN# NOT RETURN 
DIM INPUT NOTRACE RND 
DSP LEN OR RUN 

SEC(x) = 1/COS(x) 
Computes the secant of x (x < > TT/2). 

SECH(x) = 2/(EXP(x)+ EXP( -x)) 
Computes the hyperbolic secant of x. 

SINH(x) = (EXP(x)-EXP(-x))/2 
Computes the hyperbolic sine of x. 

TANH(x) = (-EXP(x)/EXP(x)+EXP(-x))*2+1 
Computes the hyperbolic tangent of x. 

SAVE 
SCRN 
SGN 
STEP 
TAB 
TEXT 
THEN 
TO 
TRACE 
VLIN 
VTAB 

RESERVED WORDS _________ _ 

Applesoft and Integer BASIC interpret every occurrence of 
certain key words as part of a command, statement, or function. 
The only exception is when a command, statement, or function is 
part of text strings enclosed in quotation marks. As a result, it is 
important to keep reserved words out of your variable names. 
Watch especially for the short reserved words. If you type a 
reserved word with embedded blank spaces, Applesoft and Inte­
ger BASIC will compress the blanks out and recognize the 
reserved word. Table A -12 lists Applesoft reserved words and 
Table A-13 lists Integer BASIC reserved words. 



Messages B 

This appendix lists the messages that the Apple II may display. 
Messages are listed alphabetically within each of these categories: 

· Applesoft, which prefixes all error messages with a question 
mark. 

· Integer BASIC, which prefixes all error messages with three 
asterisks. 

· The ProDOS operating system, which does not prefix error 
messages with anything. 

· The DOS 3.3 operating system, which does not prefix error 
messages with anything. 

All ProDOS and DOS 3.3 messages and most Applesoft messages 
have associated error codes. Table B-1 lists the codes in numeri­
cal order. When an error causes an ONE RR GOTO statement 
branch to occur, the error code is placed in memory location 222. 
Use PEEK(222) to retrieve it. Also, the line number where the 
error occurred will be in memory locations 218 and 219. Use the 
expression PEEK(219)*256+ PEEK(218) to retrieve it. 

APPLESOFT ERROR MESSAGES ______ _ 

#110 #120 #130 etc. 
When you run a program and a stream of line numbers 
appears on the display screen, the TRACE command is in 
effect. Use NOTRACE to turn it off. 
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Table B-1. Error Codes 

Code Description Source 

0 NEXT without FOR Applesoft 
1 Language not available DOS 3.3 
2 Range error ProDOS or DOS 3.3 
3 No device connected ProDOS 
4 Write protected ProDOS or DOS 3.3 
5 End of data ProDOS or DOS 3.3 
6 Path or file not found ProDOS or DOS 3.3 
7 Path or volume not found ProDOS or DOS 3.3 
8 1/0 error ProDOS or DOS 3.3 
9 Disk full ProDOS or DOS 3.3 

10 File locked ProDOS or DOS 3.3 
11 Invalid option or syntax error ProDOS or DOS 3.3 
12 No buffers available ProDOS or DOS 3.3 
13 File type mismatc~ ProDOS or DOS 3.3 
14 Program too large ProDOS or DOS 3.3 
15 Not direct command ProDOS or DOS 3.3 
16 Syntax error ProDOS or DOS 3.3 
17 Directory full ProD OS 
18 File not open ProD OS 
19 Duplicate file name Pro DOS 
20 File busy ProD OS 
21 File(s) still open ProD OS 
22 RETURN without GOSUB Applesoft 
42 Out of data Applesoft 
53 Illegal quantity Applesoft 
69 Overflow Applesoft 
77 Out of memory Applesoft 
90 Undefined statement Applesoft 

107 Bad subscript error Applesoft 
120 Redimensioned array Applesoft 
133 Division by zero Applesoft 
163 Type mismatch Applesoft 
176 String too long Applesoft 
191 Formula too complex Applesoft 
224 Undefined function Applesoft 
254 Bad reponse to an INPUT Applesoft 
255 CONTROL-C has been struck Applesoft 

?BAD SUBSCRIPT ERROR 
An array was referenced with the wrong number of subscripts 
or with one or more subscripts exceeding their dimensions. 
Error code 107. 
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BREAK IN 115 

Announces the line number at which the program stopped 
when it executed a STOP statement or when you pressed 
CONTROL-C to end the program prematurely. 

?CAN'T CONTINUE ERROR 
An attempt to continue (with the CONT command) was made 
when no program existed, after a fatal error occurred, or after 
a change was made to the program. 

?DIVISION BY ZERO ERROR 
An attempt was made to P,ivide by an expression that evaluates 
to zero. Error code 133. 

?FORMULA TOO COMPLEX ERROR 
More than two statements of the form IF string THEN were 
executed. Error code 191. 

?ILLEGAL DIRECT ERROR 
An INPUT, DEF FN, or a GET command was entered in 
immediate mode. 

?ILLEGAL QUANTITY ERROR 
A numeric value is outside the acceptable range for a string 
function, numeric function, graphics statement, and so forth. 
Error code 53. 

?NEXT WITHOUT FOR ERROR 
A NEXT with no matching FOR was executed. A NEXT with 
no variable name generates this error only if there is no active 
FOR. Error code 0. 

?OUT OF DATA ERROR 
More DATA elements were read than are available. Error code 
42. 

?OUT OF MEMORY ERROR 
Can be caused by any of the following: program too large, too 
many variables, more than ten levels of FOR loop nesting, more 
than 24 levels of subroutine nesting, more than 36 levels of 
parentheses nesting, LOMEM: set too high, or HIMEM: set 
too low. Error code 77. 
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?OVERFLOW ERROR 
Too large or too small a number was input or calculated. The 
allowable range is approximately -1. 7E + 38 to 1. 7E + 38. 
Error code 69. 

?REDIM'D ARRAY ERROR 
A DIM statement for a previously dimensioned array was exe­
cuted. This error most commonly occurs when an array was 
dimensioned by default. Error code 120. 

RETURN WITHOUT GOSUB ERROR 
More RETURN statements than GOSUB statements were exe­
cuted. Error code 22. 

?STRING TOO LONG ERROR 
An attempt was made to concatenate strings totaling more than 
255 characters. Error code 176. 

?SYNTAX ERROR 
An error in spelling, punctuation, or sequence, or any error not 
covered by another message has occurred. Error code 16. 

?TYPE MISMATCH ERROR 
A numeric expression or variable was used where a string 
should have been used, or vice versa. This error also occurs 
when the two sides of an assignment statement do not match in 
type. Error code 163. 

?UNDEF'D FUNCTION ERROR 
A user-defined function that was never defined was referenced. 
Error code 224. 

?UNDEF'D STATEMENT ERROR 
A branch to a nonexistent line number was attempted. Error 
code 90. 

INTEGER BASIC ERROR MESSAGES ____ _ 

***> 255 ERR 
A value that should be between 0 and 255 is outside that range. 
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*** > 32767 ERR 
A number greater than 32767 or less than - 32767 was entered 
or calculated. 

#110 #120 #180 etc. 
When you run a program and a stream of line numbers 
appears on the display screen, the TRACE command is in 
effect. Use NOTRACE to turn it off. 

#110 A=200 #120 B=aoo etc. 
A stream of line numbers and variable assignments on the dis­
play screen results from DSP statements in the program. 

*** 16 FORS ERR 
More than 16 FOR loops are active. 

*** 16 GOSUBS ERR 
Seventeen GOSUB statements were executed, accompanied by 
only 16 RETURN statements. 

***BAD BRANCH ERR 
A branch to a nonexistent line number was attempted. 

***BAD NEXT ERR 
A NEXT with no matching FOR was executed. 

***BAD RETURN ERR 
More RETURN statements than GOSUB statements were 
executed. 

***DIM ERR 
The same array was dimensioned more than once. 

*** MEM FULL ERR 
More memory is needed than is available. 

***NO END ERR 
The last instruction executed in a program was not END. 

***RANGE ERR 
An array was referenced with a subscript less than zero or 
greater than the array's size, or an argument in an HLIN, 
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VLIN, PLOT, TAB, or VTAB instruction was outside the pre­
scribed range. 

RETYPE LINE 
An error was generated by an INPUT response. A diagnostic 
message is displayed first, and then this directive. 

STOPPED AT 110 

Announces the line number at which an error just occurred, or 
where the proG·ram stopped when you pressed CONTROL-C to 
end it prem?:Lurely. 

*** STRING ERR 
An illegal string operation was executed. 

*** STR OVFL ERR 
A string was assigned more characters than it was dimen­
sioned for. 

***SYNTAX ERR 
An error in spelling, punctuation, or sequence, or any error not 
covered by another error message has occurred. 

*** TOO LONG ERR 
More than 12 parentheses were nested or more than 128 char­
acters were entered in one line. 

PRODOS ERROR MESSAGES, _______ _ 

DIRECTORY FULL 
The volume directory on any disk can hold at most 51 files (and 
directories). Error code 17. 

DISK FULL 
An attempt was made to store more information on a disk than 
it can hold. Error code 9. 

DUPLICATE FILE NAME 
You tried to create or rename a file using a file name that 
already exists in the directory. Error code 19. 
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END OF DATA 
An attempt was made to read from a portion of a text file that 
does not exist. Error code 5. 

FILE BUSY 
A ProDOS command referenced a file that is still open. Error 
code 20. 

FILE LOCKED 
An attempt was made to use APPEND, BSAVE, DELETE, 
RENAME, SAVE, STORE, or WRITE on a locked file. Error 
code 10. 

FILE NOT OPEN 
The file named in a POSITION, READ, or WRITE command 
was not open. Error code 18. 

FILE(S) STILL OPEN 
Program execution was suspended with one or more files left 
open. Error code 21. 

FILE TYPE MISMATCH 
A ProDOS command has referenced a file that is not of the 
required type. The CHAIN, LOAD, RUN, and SAVE com­
mands may be used only with Applesoft program files (type 
BAS). The EXEC command requires a text file (type TXT). 
The CAT, CATALOG, and PREFIX commands work only with 
directories (type DIR). The RESTORE and STORE commands 
require type VAR files. The OPEN and APPEND commands 
use text files (type TXT) unless the Ttype option is used, in 
which case the file type must match the option. BRUN 
requires a binary file (type BIN). The BLOAD and BSAVE 
commands use binary files unless the Ttype option is used, in 
which case the file type must match the option. The -command 
works with type BAS, BIN, TXT, and SYS files. The file 
named STARTUP in the volume directory must be type BAS, 
BIN, or TXT. Error code 13. 

INVALID OPTION 
An option in the last ProDOS command executed is incorrect. 
Error code 11. 



520 I Apple II User's Guide 

I/O ERROR 
An unsuccessful attempt to store data to or retrieve it from a 
disk was made. Some common causes are that the disk drive 
door is open, that the disk has not been initialized, that no disk 
is in the drive, or that the disk is defective. Error code 8. 

NO BUFFERS AVAILABLE 
Another file buffer was required when all the available file 
buffers were already in use. Error code 12. 

NO DEVICE CONNECTED 
No external drive is connected or no disk is in the drive. Error 
code 3. 

NOT DIRECT COMMAND 
The following ProDOS commands may be used only in pro­
grammed mode: APPEND, OPEN, POSITION, READ, and 
WRITE. Error code 15. 

PATH NO'T FOUND 
The current prefix and partial pathname together specify a 
file that does not exist. Error code 6 or 7. 

PROGRAM TOO LARGE 
A ProDOS command attempted to put a file from the disk in 
the Apple II memory and found insufficient memory to hold 
the file. Error code 14. 

RANGE ERROR 
A parameter used with a ProDOS command is outside of the 
range specified for that parameter; for example, the D (drive) 
parameter must be either 1 or 2. This error also occurs when 
an attempt is made to read past the highest record in a 
random-access file. Error code 2. 

SYNTAX ERROR 
A ProDOS command has an error in spelling, punctuation, or 
sequence. Error code 16. 

WRITE PROTECTED 
An attempt was made to use SAVE, BSAVE, WRITE, 
DELETE, APPEND, STORE, or RENAME on a write­
protected disk. Error code 4. 
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DOS 3.3 ERROR MESSAGES _______ _ 

DISK FULL 
An attempt was made to store more information on a disk than 
it can hold. On a full disk this message may occur in place of a 
more appropriate message (for example, FILE NOT FOUND). 
Error code 9. 

END OF DATA 
An attempt was made to read from a portion of a text file that 
has never been written to. Error code 5. 

FILE LOCKED 
An attempt was made to use SAVE, BSAVE, WRITE, 
DELETE, or RENAME on a locked file. Error code 10. 

FILE NOT FOUND 
A file was referenced that does not exist on the disk. This error 
only occurs if the DOS 3.3 command that referenced the file 
does not create the file when it is not found. Error code 6. 

FILE TYPE MISMATCH 
A DOS 3.3 command has referenced a file that is not of the 
required type. The LOAD, RUN, and SAVE commands may be 
used only with program files. The CHAIN command may be 
used only with an Integer BASIC program file. The OPEN, 
READ, WRITE, APPEND, POSITION, and EXEC commands 
may be used only with text files. The BLOAD, BSAVE, and 
BRUN commands may be used only with binary files. Error 
code 13. 

I/O ERROR 
An unsuccessful attempt was made to store data to or retrieve 
it from a disk. Some common causes are that the disk drive 
door is open, that the disk has not been initialized, that no disk 
is in the drive, or that the disk is defective. Error code 8. 

LANGUAGE NOT AVAILABLE 
An attempt to change languages with FP or INT was made 
when the desired language was not in ROM or on the disk, or an 
attempt to load or RUN a program was made when the lan­
guage of the program was similarly unavailable. Error code 1. 
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NO BUFFERS AVAILABLE 
Another file buffer was required when all the available file 
buffers were already in use. Error code 12. 

NOT DIRECT COMMAND 
The following DOS 3.3 commands may be used only from 
within PRINT statements in programmed mode: APPEND, 
OPEN, POSITION, READ, and WRITE. Error code 15. 

PROGRAM TOO LARGE 
A DOS 3.3 command has attempted to put a file from the disk 
into the Apple II's memory and found insufficient memory to 
hold the file. Error code 14. 

RANGE ERROR 
A parameter used with a DOS 3. 3 command is outside of the 
range specified for that parameter; for example, the D (drive) 
parameter must be either 1 or 2. Error code 2 or 3. 

SYNTAX ERROR 
A DOS 3.3 command has an error in spelling, punctuation, or 
sequence. Error code 11. 

VOLUME MISMATCH 
The V (volume) parameter in a DOS 3.3 command does not 
match the volume number of the disk accessed. Error code 7. 

WRITE PROTECTED 
An attempt was made to use SAVE, BSAVE, or WRITE on a 
write-protected disk. Error code 4. 



Program Optimization C 

The optimal program is the one that, for a given task, runs the 
fastest and uses the least memory. Of course, this dual goal must 
be moderated so that the resulting program is still reliable, easy 
to write, easy to use, easy to read, and easy to change. You will 
benefit more in the long run by spending your time directly on 
these aspects of your programs instead of tweaking programs for 
maximum speed and minimum memory requirements. Still, if 
you know how to optimize program speed and memory use, you 
can initially write programs that are efficient and that do not 
need any fine-tuning after they are running. In this spirit, we 
present a few ways to write programs that are faster and that use 
less memory. 

Some of the techniques for making a program run faster will 
make it take more space, while some ways of decreasing space 
requirements will increase execution time. You will have to 
decide which is more important in your program. 

FASTER PROGRAMS _________ _ 

The most dramatic increase in program speed comes from 
translating an Applesoft program into machine language. Chap­
ter 13 demonstrated the difference with a machine language sub­
routine that produces sound (Figure 13-1). Translating a BASIC 
program to machine language yourself is a chore, but you can 
buy a compiler program that can translate your BASIC program 
into machine language in a matter of minutes. However, the com-
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piled version of a BASIC program usually requires more memory 
than the interpreted version. 

If you decide to program with Applesoft, there are several 
other ways to speed up your program. First, use real variables 
instead of integer variables. Applesoft takes longer to convert an 
integer value to a real value than it does to fetch the real value in 
the first place. When such a conversion takes place inside a FOR­
NEXT loop, a frequently used subroutine, or a user-defined func­
tion, the difference in speed becomes significant. 

Avoid using constants (for example, 0, 100, "Y", "ENTER"). 
Instead, assign the value of the constant to a variable early in 
your program. Then use the variable where you would have used 
the constant. This is especially important when you are repeat­
edly using constant integer values in real expressions. It takes 
longer to convert a constant to a real value than it does to look up 
the value of a variable. This technique has the added benefit of 
making your program easier to change. If you should ever need to 
change the constant, it will be easier to change the one assign­
ment statement than to hunt down and change every occurrence 
of the constant. 

Use those variables that are referenced often as early in the 
program execution as possible. Memory space for variables is 
allocated on a first-come, first-served basis. BASIC will find a 
variable at the front of the list faster than one at the end of it. 

When BASIC encounters an instruction to branch to another 
line number, it starts looking for that line number at the begin­
ning of the program and searches sequentially through the 
program until it finds it. Clearly, the lower a line number is in 
relation to the rest of the lines in the program, the faster BASIC 
can branch to it. Therefore, assign the lowest line numbers in 
your program to the most often used subroutines. 

Do not include loop index variables with NEXT statements in 
an Applesoft program. That way, Applesoft does not have to 
verify whether you specified the correct loop index. 

COMPACT PROGRAMS ________________ __ 

To shorten the length of a program, use subroutines to avoid 
duplicate programming for identical sections of the program. 
This will also go a long way toward improving the readability 
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and reliability of your program, as well as making it easier to 
change. 

Using the zero elements of arrays-for example, X(O), B(O)­
will also shorten a program. So will assigning constant values to 
variable names, and using the variable names in place of the con­
stant values. There are fewer characters in a short variable name 
than there are in a constant value that has many digits. 

Put more than one statement on a program line. Each program 
line uses five bytes of memory. Note, however, that compound 
program lines are hard to edit and harder yet to read and under­
stand. Figuring out how to make the program work the first time 
is bad enough. It is even worse to have to do it time and time 
again. 

Use REM statements judiciously; abbreviate comments if pos­
sible. But be careful: the fewer remarks your program has, the 
harder it will be to undrstand when you come back to it later on. 
You can buy programs that actually remove all the REM state­
ments from an Applesoft program. If you do that, however, you 
almost have to keep two versions of your Applesoft program: one 
with REM statements and one without. 

Be thrifty with your use of variables. Each variable requires a 
certain amount of memory, even if you only use it once. So estab­
lish a system of assigning variable names that includes some 
"scratch" variables that can be used for FOR-NEXT loops, 
intermediate calculations, and the like. Even "scratch" variables 
can be overused. Establish standard identities for individual 
variables (for example, CN$ is the customer name) and groups of 
variables (for example, all "scratch" variables start with X). 

Use INPUT statements and data files instead of assignment 
statements and DATA statements. 

In an Applesoft program, use integer arrays instead of real 
arrays. Each integer array element takes two bytes of memory, 
while real array elements require five bytes each. Use the FRE 
command or FRE function periodically in your program to clean 
up the string storage area of memory. 



Comparing Apple II 
Models D 

The Apple lie, Apple lie (original and enhanced models), Apple 
II Plus, and standard Apple II are different in many_ ways: 
external and internal physical features, input and output capabil­
ities, hardware, and software. This appendix compares these 
aspects of the various Apple II models. . 

EXTERNAL PHYSICAL FEATURES ______ _ 

The Apple lie and Apple Ile keyboards have 63 keys, while the 
Apple II Plus and standard Apple II have 52 keys. Seven of the 
additional keys are control keys: OPEN APPLE, SOLID APPLE, f, 1, 
SHIFT LOCK, TAB, and DELE,.,E. The Apple lie and Apple lie have 
no REPEAT key as do the standard Apple II and Apple II Plus. 
Some characters are typed by different keys on the lie and lie 
than on earlier models, namely@, ", &, (, ), *, :, +, =, ", ', and ]. 
Several new characters can be typed on a lie or lie keyboard: \, 
I, [, {, },', and-. The RESET key on the Ilc and Ile is recessed, and 
on the lie, lie, and II Plus, RESET only works if pressed along 
with the CONTROL key. 

The Apple lie keyboard has a different "feel" than the key­
boards of other models and is better protected against spilled 
liquids. It can also be switched between conventional typewriter 
layout (the QWERTY keyboard) and a simplified layout (the 
Dvorak keyboard). 

The Apple Ilc has a button above the keyboard for selecting a 
display width of 40 or 80 characters. However, the program 
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being run has control over the display width. None of the other 
models has the width switch. 

The Apple lie has a headphone jack and volume control on the 
left side and a built-in disk drive on the right side. None of the 
other models has any of these features built in. 

The Apple II, Apple II Plus, and Apple Ile all have a removable 
cover, which provides access to the inside of the console. This 
makes it possible for an average user to install accessory cards. 
The Apple lie is designed to be opened only for servicing. 

The Apple lie, Apple II Plus, and standard Apple II have 
sockets on the back panel for attaching a video monitor and 
cassette recorder. The back panel of the lie also has a socket for 
attaching game controls. The Apple lie has a metal back panel 
with 12 cutouts that accommodate accessory sockets of different 
sizes for a wide variety of devices. Seven sockets are built into the 
back panel of the Apple lie for attaching a video display, a televi­
sion, an external disk drive, a mouse or game controls, a printer, 
and a modem or some other serial device. The Apple II and Apple 
II Plus have five notches in the back panel for mounting sockets 
or passing cables through. 

INTERNAL PHYSICAL FEATURES ______ _ 

Though the Apple II models work much the same, there are a 
number of internal physical differences between them. The 
Apple II and Apple II Plus have eight slots for auxiliary circuit 
cards so you can plug in a variety of input and output devices. 
The Apple lie has seven regular slots and -one slot specially 
designed for an accessory card that enables an 80-column screen 
display. The Apple lie has no slots and accommodates no acces­
sory cards; the functions of the most popular accessory cards are 
built into the Apple lie. 

The standard Apple II, Apple II Plus, and Apple lie all have an 
internal socket for attaching three switch inputs, four analog 
inputs, and four annunciator outputs. For example, two joysticks 
or two pairs of paddles can be plugged into the socket. The Apple 
lie and Apple lie have a socket on the back panel for making the 
same attachments, except that the external socket has no annun­
ciator outputs (and only two analog input sockets on the lie). 

The entire power supply is housed inside the Apple II, Apple II 
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Plus, and Apple lie. The Apple lie has an external power 
transformer. 

INPUT AND OUTPUT _________ _ 

All models can display uppercase letters, punctuation, and 
numbers in normal, flashing, and inverse styles. The Apple lie 
and Apple lie display normal-style lowercase letters. They also 
have an alternate set of characters that has no flashing style but 
does include lowercase letters in inverse style. 

The Apple lie and Enhanced Apple lie alternate character set 
includes 33 special graphic symbols called Mousetext in place of 
the inverse uppercase letters and symbols@,[,],., \,",and-· 
The Mousetext symbols have screen codes 64 to 95. 

The keyboard on the Apple Ilc and Apple lie can generate all 
128 ASCII codes. Unless they are modified, the Apple II Plus and 
standard Apple II cannot generate lowercase characters and 
some punctuation symbols. On the Apple lie and enhanced Apple 
lie, commands can be typed in any combination of uppercase and 
lowercase letters. On other models, all commands must be typed 
in uppercase letters. 

In addition to text, all models can display low-resolution and 
high-resolution graphics. The Apple lie and lie can also display 
double high-resolution graphics. 

All Apple II models except the Apple lie can use a cassette 
recorder for program and data storage. 

The Apple lie has a built-in provision for attaching and read­
ing a mouse. The other models require an accessory card in order 
to use a mouse. 

MICROPROCESSOR AND MEMORY ____ _ 

The Apple II and Apple II Plus use a 6502 microprocessor. The 
original Apple lie uses a 6502A microprocessor, which is more 
reliable and has a higher tolerance level than the 6502. The 
Apple lie and Enhanced Apple lie use a 65C02 microprocessor, 
which is an upgraded version of the 6502 that offers new address­
ing modes, 27 new instructions, and more. Machine language 
programs that use these new features will not work on other 
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models. The original Apple lie can be retrofitted with a 65C02, 
but the standard Apple II and Apple II Plus cannot. 

The Apple lie has 128K (131,072 bytes) of read/write memory 
(RAM). The Apple lie has at least 64K (65,536 bytes) of read/ 
write memory (RAM), and can easily be upgraded to 128K by 
installing an 80-column adapter that contains another 64K. The 
Apple II Plus has at least 48K (49,152 bytes) of read/write 
memory (RAM), and can easily be upgraded to 64K by installing 
a Language card, which contains another 16K. The memory 
capacity of standard Apple II models ranges from 4K to 64K. 

SOFnNARE ________________________ _ 

All models come with built-in machine language software in 
ROM. Each model includes at least some subroutines that handle 
fundamental tasks such as inputting and outputting characters. 
These subroutines are called the Machine Language Monitor, or 
simply the Monitor. On the Apple lie, Apple lie, and Apple II 
Plus, the Machine Language Monitor tries to start a program 
automatically from the disk when you switch on the computer. 
The standard Apple II can be retrofitted with this type of 
Monitor. 

In addition to the Monitor, the Apple lie has built-in pro­
gramming for dual screen width ( 40 or 80), the alternate charac­
ter set, and Mousetext characters. It also has software to control 
two serial ports, two disk drives, and a mouse. All of this software 
is part of optional accesory cards on other models. 

The Apple lie has built-in diagnostic software that is activated 
by pressing CONTROL-SOLID APPLE-RESET. 

Pascal versions 1.1 and 1.2 work on all models; version 1.0 
works on all models except the Apple lie and Enhanced Apple lie. 

Applesoft 

The Applesoft BASIC interpreter is built into ROM on the 
Apple lie, Apple lie, and Apple II Plus. The standard Apple II 
has the Integer BASIC interpreter built in. 

Several glitches present in the Applesoft interpreter on Apple 
lie and Apple II Plus ROMs have been fixed on the Apple lie and 
the Enhanced Apple lie. Now PRINT statement commas, the 
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HTAB command, the TAB function, and the SPC function all 
work properly on an so-column screen. 

Operating Systems 

ProDOS is the preferred operating system for the Apple lie, 
though it can use DOS 3.3 too. The Apple II Plus and standard 
Apple II can use ProDOS only if they have been retrofitted with 
64K RAM and the built-in Applesoft interpreter. (The Integer 
BASIC interpreter does not work with ProDOS.) 

By plugging in an adapter card, you can adapt the Apple lie, 
Apple II Plus, and standard Apple II to the CP/M operating 
system. Another adapter card, plus a special disk drive, allows 
the use of the MS-DOS operating system. The Apple lie has no 
slots, so it cannot be adapted for CP/M or MS-DOS by plugging 
in a card. 



Character Codes 
And Applesoft Tokens E 

The first table in this appendix (Table E -1) shows ASCII codes 
0 through 127, the characters they represent, and the keystrokes 
that generate them. ASCII codes 128 through 255 repeat codes 0 
through 127. Table E-2 shows the relationship between ASCII 
codes and the codes used to represent characters on the screen. 
The screen codes also carry information about character style: 
normal, inverse, or flashing. 

Table E- 3 lists the Applesoft reserved words. Each reserved 
word takes up only one byte in program memory and is repre-

Table E -1. Characters, Keystrokes, and ASCII Codes 

ASCII Display Screen Character Keystroke 

Code Apple lie Other Models Apple lie Other Models 

0 None None CTRL-@ CTRL-@ 
1 None None CTRL-A CTRL-A 
2 None None CTRL-B CTRL-B 
3 None None CTRL-C CTRL-C 
4 None None CTRL-D CTRL-D 
5 None None CTRL-E CTRL-E 
6 None None CTRL-F CTRL-F 
7 Bell Bell CTRL·G CTRL-G 
8 Backspace Backspace CTRL·H CTRL-H 
9 None None CTRL-1 CTRL-1 

533 
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Table E-1. Characters, Keystrokes, and ASCII Codes (continued) 

ASCII Display Screen Character Keystroke 

Code Apple lie Other Models Apple lie Other Models 

10 Linefeed Linefeed CTRL-J CTRL-J 

11 Nonet None CTRL-K CTRL-K 
12 Nonet None CTRL-L CTRL-L 

13 Return Return CTRL-M CTRL-M 

14 Nonet None CTRL-N CTRL-N 

15 Nonet None CTRL-0 CTRL-0 

16 None None CTRL-P CTRL-P 

17 Nonet None CTRL-Q CTRL-Q 

18 Nonet None CTRL-R CTRL-R 

19 None None CTRL-S CTRL-S 

20 None None CTRL-T CTRL-T 

21 Nonet Fwd. space CTRL-U CTRL-U 

22 Nonet None CTRL-V CTRL-V 

23 Nonet None CTRL-W CTRL-W 

24 None Cancel line CTRL-X CTRL-X 

25 Nonet None CTRL-Y CTRL-Y 
26 Nonet None CTRL-Z CTRL-Z 

27 None None ESC ESC 

28 Nonet None CTRL-\ None 
29 Nonet None CTRL-] CTRL-SHIFT-M 

30 None None None CTRL-" 

31 None None CTRL-SHIFT-- None 
32 Space Space SPACEBAR SPACEBAR 

33 ! ! SHIFT-1 SHIFT-1 
34 , 

" SHIFT-' SHIFT-2 

35 # # SHIFT-3 SHIFT-3 

36 $ $ SHIFT-4 SHIFT-4 

37 % % SHIFT-5 SHIFT-5 

38 & & SHIFT-7 SHIFT-6 

39 I I SHIFT-7 

40 ( ( SHIFT-9 SHIFT-S 
41 ) ) SHIFT-0 SHIFT-9 
42 * * SHIFT-S SHIFT-: 
43 + + SHIFT-= SHIFT-; 

44 . ' 45 - - -
46 
47 I I I I 
48 0 0 0 0 

49 1 1 1 1 

t Acts as a display screen control code when the SO-column adapter is active. Table 9-2 lists the 
control code uses. 
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Table E-1. Characters, Keystrokes, and ASCII Codes (continued) 

ASCII Display Screen Character Keystroke 
Code Apple lie Other Models Apple lie Other Models 

50 2 2 2 2 
51 3 3 3 3 
52 4 4 4 4 
53 5 5 5 5 
54 6 6 6 6 
55 7 7 7 7 
56 8 8 8 8 

57 9 9 9 9 
58 : : SHIFT-: : 
59 ; ; ; ; 

60 < < SHIFT-, SHIFT-, 
61 = = = SHIFT--
62 > > SHIFT-. SHIFT-. 
63 ? ? SHIFT-/ SHIFT-/ 
64 @ @ SHIFT-2 SHIFT-P 
65 A A SHIFT-A A 
66 B B SHIFT-B B 
67 c c SHIFT-C c 
68 D D SHIFT-D D 
69 E E SHIFT-E E 
70 F F SHIFT-F F 
71 G G SHIFT-G G 
72 H H SHIFT-H H 
73 I I SHIFT-I I 
74 J J SHIFT-J J 
75 K K SHIFT-K K 
76 L L SHIFT-L L 
77 M M SHIFT-M M 
78 N N SHIFT-N N 
79 0 0 SHIFT-0 0 
80 p p SHIFT-P p 

81 Q Q SHIFT-Q Q 
82 R R SHIFT-R R 
83 s s SHIFT-S s 
84 T T SHIFT-T T 
85 u u SHIFT-U u 
86 v v SHIFT-Y v 
87' w w SHIFT-W w 
88 X X SHIFT-X X 
89 y y SHIFT-Y y 

90 z z SHIFT-Z z 
91 [ [ [ None 
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Table E-1. Characters, Keystrokes, and ASCII Codes (continued) 

ASCII Display Screen Character Keystroke 

Code Apple lie Other Models Apple lie Other Models 

92 \ \ \ None 
93 ] ] 1 SHIFT-M 

94 " " SHIFT-6 SHIFT-N 

95 - None SHIFT- None 
96 ' None \ None 
97 a A A None 
98 b B B None 
99 c c c None 

100 d D D None 
101 e E E None 
102 f F F None 
103 g G G None 
104 h H H None 
105 i I I None 
106 j J J None 
107 k K K None 
108 1 L L None 
109 m M M None 
110 n N N None 
111 0 0 0 None 
112 p p p None 
113 q Q Q None 
114 r R R None 
115 s s s None 
116 t T T None 
117 u u u None 
118 v v v None 
119 w w w None 
120 X X X None 
121 y y y None 
122 z z z None 
123 { None SHIFT-[ None 
124 I None SHIFT-\ None 
125 } None SHIFT-] None 
126 - None SHIFT-' None 
127 ~ None DELETE None 

sented by a code, called a token, with a numeric value between 128 
and 255. The token replaces the spelled-out reserved word in the 
Apple II's memory and on the disk. The list is in numerical order 
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by token. Appendix A contains a list of reserved words in alpha­
betical order. 

Table E-2. Screen Codes and ASCII Codes 

Alternate Primary 
Screen ASCII ASCII 
Codes Codes Characters Codes Characters 

0-31 64-95 Inverse upper- 64-95 Inverse upper-
case letters case letters 

32-63 32-63 Inverse punctua- 32-63 Inverse punctua-
tion and numbers tion and numbers 

64-95 64-95 Inverse upper- 64-95 Flashing upper-
case letters* case letters 

96-127 96-127 Inverse lower- 32-63 Flashing punctua-
case letters tion and numbers 

128-159 64-95 Normal upper- 64-95 Normal upper-
case 1 etters case letters 

160-191 32-63 Normal punctua- 32-63 Normal punctua-
tion and numbers tion and numbers 

192-223 64-95 Normal upper- 64-95 Normal upper-
case letters case letters 

224-255 96-127 Normal lower- 96-127 Nor mal lower-
case letters case letters 

*Screen codes 64-95 are also used for Mousetext characters (Apple lie and Enhanced Apple lie) 
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Table E-3. Applesoft Reserved Word Tokens 

Token Reserved Token Reserved Token Reserved 
Word Word Word 

128 END 164 LOMEM: 200 + 
129 FOR 165 ON ERR 201 -
130 NEXT 166 RESUME 202 • 
131 DATA 167 RECALL 203 I 
132 INPUT 168 STORE 204 " 
133 DEL 169 SPEED= 205 AND 
134 DIM 170 LET 206 OR 
135 READ 171 GOTO 207 > 
136 GR 172 RUN 208 = 
137 TEXT 173 IF 209 < 
138 PR# 174 RESTORE 210 SGN 
139 IN# 175 & 211 !NT 
140 CALL 176 GO SUB 212 ABS 
141 PLOT 177 RETURN 213 USR 
142 HLIN 178 REM 214 FRE 
143 VLIN 179 STOP 215 SCRN( 
144 HGR2 180 ON 216 PDL 
145 HGR 181 WAIT 217 POS 
146 HCOLOR= 182 LOAD 218 SQR 
147 HPLOT 183 SAVE 219 RND 
148 DRAW 184 DEF 220 LOG 
149 XDRAW 185 POKE 221 EXP 
150 HTAB 186 PRINT 222 cos 
151 HOME 187 CONT 223 SIN 
152 ROT= 188 LIST 224 TAN 
153 SCALE= 189 CLEAR 225 ATN 
154 SHLOAD 190 GET 226 PEEK 
155 TRACE 191 NEW 227 LEN 
156 NOTRACE 192 TAB( 228 STR$ 
157 NORMAL 193 TO 229 VAL 
158 INVERSE 194 FN 230 ASC 
159 FLASH 195 SPC( 231 CHR$ 
160 COLOR= 196 THEN 232 LEFT$ 
161 POP 197 AT 233 RIGHT$ 
162 VTAB 198 NOT 234 MID$ 
163 HIM EM: 199 STEP 
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And PO.KE Locations F 

Each of the memory locations listed in this appendix is 
expressed as a decimal number less than 32767. Memory loca­
tions above 32767 are expressed as negative numbers. There is a 
positive number that refers to the same location. To get the posi­
tive equivalent, add 65536 to the listed negative location (for 
example, 65536 - 16384 = 49152). 

Some of the functions described here may be actuated just by 
accessing them. This means that any time a PEEK statement 
accesses the specified memory location, the indicated action takes 
place. A POKE statement to the specified memory location also 
triggers the action, but" because of the operating characteristics 
of the microprocessor in the Apple II, a POKE statement actually 
triggers the action twice. In this case, POKE is the same as two 
PEEK statements. Usually this makes no difference, but in cases 
like -16336 (Speaker Click), it does. The value placed in memory 
by the POKE statement is irrelevant in such address-actuated 
actions. 

/ 

TEXT WINDOW AND CURSOR 
CONTROL LOCATIONS ________ _ 

The memory locations listed in this section enable you to 
change the dimensions of the text window, to determine the row 
and column the cursor is in, and to change the cursor's position. 

539 
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32 Left Margin of the Text Window 

Specifies the column of the left text window margin. PEEK 
returns a value in the range 0 through 39 (for a 4Q-column dis­
play) or 0 through 79 (for an So-column display). The left edge of 
the screen is 0. Changing location 32 does not affect the width of 
the text window, since the left and right margins both move. 

If you place a value greater than 39 (on a 4Q-column display) or 
79 (for an so-column display) into this location, or if the value of 
this location plus the width of the text window exceeds 40 (or SO), 
some or all of the output meant for the screen will be put in 
memory outside the screen area. This could destroy part of your 
program or other essential data. 

33 Text Window Width 

Specifies the width of the text window. The value in this loca­
tion must be in the range 1 through 40, or 1 through SO if the 
display width is SO. Changing this location sets the right margin 
at the column that is the specified number of characters away 
from the left margin (memory location 32). 

A value of zero in this location (that is, a width of zero) can 
destroy the BASIC interpreter. If you POKE a value greater than 
40 (or 80) into this location, or if the value in this location plus the 
value in location 32 (left margin) exceeds 40 (or 80), some or all of 
the output meant for the screen will be put in memory outside the 
screen area. This could destroy part of your program or other 
essential data. 

34 Top Margin of the Text Window 

Specifies the top margin of the text window. The value in this 
location must be in the range 0 through 23; 0 specifies the top 
row on the screen, 23 the bottom. If you POKE a value greater 
than 23 into this location, some or all of the output meant for the 
screen will go into memory outside the screen area, wiping out 
data that coulq be important. Do not set the top margin of the 
text window b~low the bottom margin. 
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35 BoHom Margin of the Text Window 

Specifies the bottom margin of the text window. The value in 
this location must be in the range 0 through 23; 0 specifies the top 
row on the screen, 23 the bottom. If you POKE a value greater 
than 23 into this location, some or all of the output meant for the 
screen will go into memory outside the screen area, wiping out 
data that could be important. Do not set the bottom margin of the 
text window above the top margin. 

36 Horizontal Position of the Cursor 

Specifies the current horizontal position of the cursor. 
PEEK(36) returns a value in the range 0 through 39, or 0 
through 79 if the display width is 80. PEEK(36) specifies the 
cursor's position relative to the left margin of the text window 
(not necessarily the left edge of the screen). This location can be 
used to position beyond the right edge of the text window (and 
subsequently print there with PRINT), but the cursor stays there 
only long enough to print one character. Do not put a value in this 
location that, when added to the left screen margin (location 32), 
exceeds 39, or 79 with an so-column screen. 

PEEK(36) is equivalent to the Applesoft function POS. 

37 Vertical Position of the Cursor 

Specifies the current vertical position of the cursor. PEEK(37) 
returns a value in the range 0 through 23, relative to the top of 
the screen (not the top of the text window). Do not put a value 
over 23 in this location. 

ERROR-HANDLING LOCATIONS ______ _ 

The memory locations in this section report the code of an 
intercepted error and the line on which it occurred, and enable 
you to cancel error interception. 
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216 Error Flag 

Indicates whether an ONERR GOTO is in effect. If location 216 
has a value of 128 or more, an ONERR GOTO statement has been 
encountered, and control will branch to the line number specified 
when an error occurs. Place a value less than 128 in this location 
to disable a previously executed ONERR GOTO statement. 

218 and 219 Error-Causing Line Number 

When an error triggers a branch according to an ONERR 
GOTO statement, these locations specify the line number in 
which the error occurred. This line number is computed by the 
expression PEEK(219)*256+ PEEK(218). 

222 Error Type Code 

Specifies which type of error has occurred. The error codes 
and their descriptions are listed in Appendix B. 

KEYBOARD LOCATIONS ________ _ 

The memory locations listed in this section enable you to read a 
character directly from the keyboard and to reset the keyboard 
after doing so. 

-16384 Character from Keyboard 

Reads the keyboard. If the value in this location is greater than 
127, a key has been pressed. Determine the ASCII code of the key 
last pressed by subtracting 128 from PEEK(-16384). 

-16368 Keyboard Flag 

POKE -16368,0 resets the keyboard strobe so that another 
character may be read from the keyboard. 
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SPEAKER OUTPUT LOCATIONS ______ _ 

The memory locations listed in this section enable you to output 
directly to a cassette recorder or the built-in speaker. 

-16352 Cassette Click 

Generates a click at the cassette output jack. 

-16336 Speaker Click 

Generates a click on the internal speaker. 

DISPLAY SWITCHES _________ _ 

The memory locations listed in this section control certain 
switches that determine display screen characteristics. There are 
no physical switches; instead, there are imaginary switches, 
called soft switches, that you set by accessing certain memory loca­
tions with PEEK functions or POKE statements. Every Apple II 
has four soft switches; each can be set in two different positions. 
The Apple IIe has an additional soft switch (Figure F-1). 

Primary 
Character Set* Graphics Full Screen Page 1 Low Resolution 

-16370 -16304 -16302 -16300 -16298 

Secondary Text 
Character Set* -16303 

-16369 
*Apple lie only 

Graphics 
Plus Text 
-16301 

Page 2 High Resolution 
-16299 -16297 

Figure F -1. Display screen soft switch memory locations 
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Table F-1. Apple lie Soft Switch Status 

Status, if 
Soft Switch Memory PEEK (Location) is: 

Function Location <128 >127 

Character set -16354 Primary Alternate 
Screen mode -16358 Graphics Text 
Text window -16357 Absent Present 
Screen memory -16356 Page 1 Page 2 
Graphics mode -16355 Low-resolution High-resolution 

You cannot use the PEEK function to determine a soft switch 
setting, because the act of accessing the memory location may 
change the setting. The Apple lie has additional memory loca­
tions that disclose the soft switch settings, as listed in Table F-1. 
If the PEEK function reports the value in one of these locations 
to be less than 128, the soft switch is set one way, and if the value 
is 128 or greater, the soft switch is set the other way. 

-16370 Select Primary Character Set 

On the Apple lie, selects the primary character set, which 
includes uppercase and lowercase letters, punctuation, and spe­
cial symbols in normal, white-on-black style. Also included are 
flashing or inverse uppercase letters, punctuation, and special 
symbols. Use POKE only, not PEEK. 

-16369 Select Alternate Character Set 

On the Apple lie, selects the alternate character set, which 
includes uppercase and lowercase letters, punctuation, and spe­
cial symbols in normal, white-on-black style or in inverse, black­
on-white style. Does not include any flashing characters. Use 
POKE only, not PEEK. 

-16304 Select Graphics Mode 

Selects graphics mode. The graphics screen is not cleared to 
black. The graphics mode may be low- or high-resolution, page 1 
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or page 2, full-screen graphics or mixed graphics and text. These 
characteristics are determined by other soft switch memory 
locations. 

-16303 Select Text Mode 

Selects text mode. The text may be from either page 1 or page 
2, as determined by memory locations -16300 and -16299. 

-16302 Select Full-Screen Graphics 

Selects full-screen graphics. If the screen is in text mode, this 
will not be visible until location -16304 is accessed. 

-16301 Select Graphics Plus Text 

Establishes a four-line text window at the bottom of the screen. 
If the screen is in text mode, this will not be visible until location 
-16304 is accessed. 

-16300 Select Screen Page 1 

Selects graphics or text page 1. 

-16299 Select Screen Page 2 

Selects graphics or text page 2. 

-16298 Select Low-Resolution Graphics 

Selects low-resolution graphics. If the screen is in text mode, 
the effect will not be visible until location -16304 is accessed. 

-16297 Select High-Resolution Graphics 

Selects high-resolution graphics. If the screen is in text mode, 
the effect will not be visible until location -16304 is accessed. 
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VERTICAL BLANKING INTERVAL ______ _ 

The Apple II must continuously refresh the display screen 
image or the image will fade away. The Apple II refreshes the 
screen display by reading the contents of the display screen from 
its memory and broadcasting the data. This refresh cycle occurs 
automatically, many times each second, so that normally you are 
not even aware of it. There is even a brief period at the end of 
each refresh cycle, called the vertical blanking interval, during 
which the Apple II does not broadcast anything. 

High-speed programs, usually written in machine language, 
may be able to change the display screen memory contents while 
the Apple II is in the process of broadcasting them. The result is 
an erratic flickering or blinking on the screen. The cure for this 
is to change the display screen memory only during the vertical 
blanking interval, when the Apple II is not broadcasting. The 
vertical blanking interval can be detected on an Apple lie by 
checking the value in a memory location. 

-16359 Vertical Blanking Signal 

As long as PEEK(-16359) is 128 or greater, the Apple II is 
broadcasting a refresh signal to the display screen. During the 
brief vertical blanking interval, the value of PEEK(-16359) is 
less than 128. 

GAME CONTROL LOCATIONS ______ _ 

The memory locations in this section can turn game control 
outputs on or off, sense whether the SOLID APPLE key, OPEN 
APPLE key, or game control pushbuttons are being pressed or not, 
and actu'ate a strobe output. Figure F-2 shows how the game con­
trol outputs are manipulated. 

The inputs for these locations connect to the game control con­
nector, shown in Figure F-3. 

-16296 Annunciator 0 Off 

Turns off game control output (annunciator) number 0. The 
voltage on pin 15 of the game control connector is set to approxi­
mately 0 volts (TTL low). 
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On 
- 16295 

Off 
- 16296 

Annunciator 0 

On 
- 16293 

Off 
- 16294 

Annuflciator 1 

On 
-16291 

Off 
-16292 

Annunciator 2 

Figure F-2. Game control outputs (soft switches) 

8. Ground 
1. Game Control 2 
6. Gnme Control 0 

5. Strobe 
4. Pushbutton 2 
3. Pushbutton I 
2. Pushbutton 0 

I. + 5V Power 

F igur e F-3. Game control pin assignments 

On 
-16289 

Off 
-16290 

Annunciator 3 

9. No Connection 
10. Game Cont rol I 
I I. Game Control 3 
12. Annunciator 3 
1:1. Annunciator 2 
14. Annunciator I 
15. Annunciator 0 
16. No Connection 

5. Game Control 0 
4. Game Control 2 

3. Ground 
2. + 5V Power 

I. Pushbutton I 

6. Pushbutton 2 
7. Pushbutton 0 

8. Game Control I 

9. Game Control 3 
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-16295 Annunciator 0 On 

Turns on game control output (annunciator) number 0. The volt­
age on pin 15 of the game control connector is set to approxi­
mately +5 volts (TTL high). 

-16294 Annunciator 1 Off 

Turns off game control output (annunciator) number 1. The 
voltage on pin 14 of the game control connector is set to approxi­
mately 0 volts (TTL low). 

-16293 Annunciator 1 On 

Turns on game control output (annunciator) number 1. The volt­
age on pin 14 of the game control connector is set to approxi­
mately +5 volts (TTL high). 

-16292 Annunciator 2 Off 

Turns off game control output (annunciator) number 2. The 
voltage on pin 13 of the game control connector is set to approxi­
mately 0 volts (TTL low). 

-16291 Annunciator 2 On 

Turns on game control output (annunciator) number 2. The volt­
age on pin 13 of the game control connector is set to approxi­
mately +5 volts (TTL high). 

-16290 Annunciator 3 Off 

Turns off game control output (annunciator) number 3. The 
voltage on pin 12 of the game control connector is set to approxi­
mately 0 volts (TTL low). 

-16289 Annunciator 3 On 

Turns on game control output (annunciator) number 3. The volt­
age on pin 12 of the game control connector is set to approxi­
mately + 5 volts (TTL high). 
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-16287 Read Pushbutton 0 

When the pushbutton on game control number 0 or the OPEN 
APPLE key is being pressed, the value in this location exceeds 127. 
When it is not being pressed, the value is 127 or less. Pushbutton 
0 connects to pin 2 of the internal game control connector. 

-16286 Read Pushbutton 1 

When the pushbutton on game control number 1 or the SOLID 
APPLE key is being pressed, the value in this location exceeds 127. 
When it is not being pressed, the value is 127 or less. Pushbutton 
1 connects to pin 3 of the internal game control connector. 

-16285 Read Pushbutton 2 

When the pushbutton on game control number 2 is being 
pressed, the value in this location exceeds 127; when it is not 
being pressed, the value is 127 or less. Pushbutton 2 connects to 
pin 4 of the internal game control connector. 

-16272 Strobe Output 

Normally pin 5 of the game control connector is +5 volts. Exe­
cuting PEEK( -16285) drops it to 0 volts .for one-half microse­
cond. A POKE statement will trigger the strobe twice. 
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The following two tables list a number of useful machine lan­
guage subroutines available on the Apple II. Table G-1 lists them 
by general function; it does not provide complete information 
about each subroutine. Find the entry point listed in Table G-1 in 
the first column of Table G-2 for additional information, includ­
ing details on microprocessor registers affected. 

Table G-2 lists the subroutines in order by entry point. The 
third column shows which registers, if any, must contain specific 
values before the subroutine is executed. The fourth column 
shows which microprocessor registers are affected by the execu­
tion of the subroutine. 

Most of these subroutines have an equivalent in a BASIC com­
mand, or else can be accessed from BASIC with a single CALL 
statement. These equivalents appear in Table G- 2. Some of the 
BASIC commands listed are only available in Applesoft; they are 
marked with an A. 

Some subroutines, however, have no equivalent in either ver­
sion of BASIC and cannot be executed by a single CALL because 
one or more microprocessor registers must be loaded with spe­
cific values prior to execution. Different techniques are required 
to handle this problem in Applesoft and Integer BASIC. 

Integer BASIC provides a simple solution. First execute a 
CALL -182 to save the current values of the registers in RAM. 
Then, using POKE statements, place the desired values in mem­
ory location 69 for the A register, 70 for the X register, and 71 for 
the Y register. Execute a CALL -193 to load the values into the 
registers, and call the built-in machine language subroutine. 

551 
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This technique does not work in Applesoft. Instead, you must 
write your own machine language subroutine to load the regis-

Table G-1. Built-in Subroutines by Function 

Function Entry Point 

Plot a low-resolution graphics point. $F800 
Draw a low-resolution horizontal line. $F819 
Draw a low-resolution vertical line. $F828 
Clear all 48 low-resolution graphics rows to $F832 

black (if in text mode, sets to inverse "@"). 

Low-
Clear the top 40 low-resolution rows to black $F836 

Resolution (or inverse "@"). 

Graphics Increment the current low-resolution $F85F 
graphics color by three. 

Set low-resolution graphics color. $F864 
Read the color of a low-resolution graphics $F871 

point. 
Set low-resolution graphics mode, clear $FB40 

screen, and set four-line text window. 

Wait for keystroke while cursor is flashing, $FD1B 
and seed the random number generator at 
locations $4E and $4F. 

Input Same as above except that escape codes are $FD35 
also allowed. 

Send carriage return to display screen, and $FD67 
then allow input of an entire line of up to 
256 characters. 

Send three blanks to the currently selected $F948 
output device. 

Send from 1 to 256 blanks to the currently $F94A 
selected output device. 

Output Send a carriage return and linefeed to the $FC62 
Apple II screen. 

Output a character to the currently selected $FDED 
output device. 

Output a character to the text window. $FDFO 

Bell 
Send BELL character (ASCII code 7) to the $FBDD 

currently selected output device. 
Output Beep the onboard speaker for 1/10 second. $FBE4 



Built-in Subroutines I 553 

Table G-1. Built-in Subroutines by Function (continued) 

Function Entry Point 

Bell 
Print the message ERR and beep the $FF2D 

Output 
onboard speaker. 

Beep the onboard speaker. $FF3A 

Text 
Set the Apple II screen to 24 rows by 40 $FB2F 

columns. 
Window Scroll the text window up one line. $FC70 

Send a backspace character to the screen, $FC10 
updating the cursor position. 

Move the cursor up one line. If the cursor $FC1A 

Cursor is already at the top of the screen, it does 

Control not move. 
Move the cursor down one line without $FC66 

changing its horizontal position. Scrolls 
the text window if the cursor is at the 
bottom of the screen. 

Clear the text window from the current $FC42 
cursor position to the lower right-hand 

Screen 
corner of the screen. 

Clear the entire text screen and move the $FC58 
Clearing cursor to the upper left-hand corner. 

Clear the text from the current cursor $FC9C 
position to the end of the line. 

Video Set inverse video mode (black on white). $FE80 
Mode Set normal video ll}ode (white on black). $FE84 

Print Y and X register contents (in the $F940 
format YYXX) on the currently selected 
output device. 

Print A and X register contents (in the $F941 
Print format AAXX) on the currently selected 

Register output device. 
Contents Print X register contents on the currently $F944 

selected output device. 
Print A register contents on the currently $FDDA 

selected output device. 
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Table G-1. Built-in Subroutines by Function (continued) 

Function Entry Point 

Move 
Restore register contents (valid only if $FF3F 

intrinsic routine at $FF4A executed 
Register previously). 
Contents Save register contents in reserved page 0 $FF4A 

locations. 

Read status of one paddle. $FB1E 
Execute a delay loop. $FCA8 

Misc. Return to BASIC, eliminating the program $FEBO 
and variables in memory. 

Entry point for the Monitor. $FF69 

ters with the necessary values and then execute an assembly lan­
guage JSR instruction to the entry point of the built-in machine 
language subroutine. 



Table G- 2. Built-in Subroutines by Entry Point 

Entry Registers to Load 
Point Use Before Calling 

$F800 Plot a graphics point on low- Place row in A, column in Y. 
resolution page 1. 

$F819 Draw a low-resolution Row in A, left column in Y, 
horizontal line. right column at memory 

location 44. 

$F828- Draw a low-resolution Column in Y, high row in A, low 
vertical line. row at memory location 45. 

$F832· Clear all 48 low-resolution None 
graphics rows to black (if in 
text mode, sets to all "@"). 

$F836 Clear the low-resolution None 
graphics rows, leaving the 
text window intact. 

$F85F Increment the current low- None 
resolution graphics color by 3. 

$F864 Set low-resolution graphics color. Color number in A. 

$F871 Read the color of a Row in A, column in Y. 
low-resolution graphics point. 

$F940 Print Y and X register None 
contents (in the format YYXX) 
on the screen or other output 
device selected. 

$F941 Print A and X registers (AAXX) None 
as above. 

.-t Denotes BASIC commands available in Applesoft only. 
--- --

Registers 
Affected 

A 

A,Y 

None 

A,Y 

A,Y 

A 

A 

A (contains color 
number) 

None 

None 

---

BASIC 
Equivalent 

PLOT 

HLIN 

VLIN 
I 

CALL · -1998 ; 
I 

I 
GR 
(see $FB40) 

CALL -1953 

COLOR 

SCRN 

CALL -1728 

CALL -1727 

~-

~ 
~ 
5' 
~ 

~ 
i' 
.......... 

~ 



Table G- 2. Built-in Subroutines by Entry Point (continued) ~ 
Entry Registers to Load Registers BASIC 
Point Use Before Calling Affected Equh·alent 

......... 

$F944 Print X register contents. None None CALL -1724 ~ u 
$F948 Send 3 blanks to the currently None X,A CALL -17201 

selected output device 
(determined by CSW contents). 

I $F94A Send 1 to 256 blanks to the Number of blank spaces in A None SPC( yt 
currently selected output (loading 0 prints 256 blanks). CALL -1718 

ar 
= 
c 
m 
VI' 

(j) 
c 

device. ~ 
$FB1E Read status of paddle 0, 1, Paddle number in X. o-FF in Y register. PDL() 

2, or 3. A contents destroyed. 

$FB2F Set the text screen to text mode. None A TEXT 

$FB40 Set low-resolution graphics None A,Y GR 
mode, clear screen, and set 
4-line text window. 

$FBDD Send BELL character (ASCII None A,Y CALL -1059 
code 7) to the current output 
device. 

$FBE4 Beep speaker for 1/10 second. None A.Y CALL -1052 

$FC10 Send a backspace character to None A CALL -1008 
the screen, updating cursor 
position. 

$FC1A Move the cursor up one line. None A CALL -998 
If already at the top of the 
screen, cursor does not move . 

.4 Denotes BASIC commands available in Applesoft only. 



Table G-2. Built-in Subroutines by Entry Point (continued) 

Entry Registers to Load 
Point Use Before Calling 

$FC42 Clear the text window from the None 
present cursor position to the 
lower right-hand corner of 
the screen. 

$FC58 Clear the entire text screen None 
and move the cursor to the 
upper left-hand corner. 

$FC62 Send a carriage return and None 
linefeed to the screen. 

$FC66 Move the cursor down one line None 
without changing its horizontal 
position. Scrolls text up one 
line if cursor is at the bottom 
of the screen. 

$FC70 Scroll the text window up None 
one line. 

$FC9C Clear text from the current None 
cursor position to the end of 
the line. Cursor position 
remains unchanged. 

$FCA8 Execute a delay loop that is Delay value (x) in A. 
0.5(5xt + 21x + 26) 
microseconds long. 

A Denotes BASIC commands available in Applesoft only. 

Registers 
Affected 

A,Y 

A,Y 

A,Y 

A,Y 

A,Y 

A 

BASIC 
Equivalent 

CALL -958 

CALL -936 

CALL -926 

CALL -922 

CALL -912 

CALL -868 

CALL -856 

tD c 
~ 
::J 
en 

I 
i 
""" 
8: 
-...J 



Table G- 2. Built-in Subroutines by Entry Point (continued) 

Entry 
Use 

Registers to Load 
Point Before Calling 

$FDOC Wait for keystroke; flash None 
cursor while waiting. Seed 
random number generator at 
memory locations 78 and 79. 

$FD35 Same as $FDOC, except that None 
escape codes are also 
allowed. 

$FD67 Send carriage return to Prompt character at memory 
screen: allow input of an location 51. 
entire line of data, up to 
256 characters. 

$FDDA Print the value in the Data in A. 
accumulator as two hexadec-
imal digits. 

$FDED Output a character to the Character in A. 
currently selected output 
device. 

$FDFO Output a character to the Character in A. 
text window. 

$FE80 Set inverse video mode (black-on- None 
white text). 

$FE84 Set normal video mode (white- None 
on-black text). 

A Denotes BASIC commands available in Applesoft only. 

Registers 
Affected 

Character returned 
in A. 
X,Y 

Character returned 
in A. 
X,Y 

Y.A. 
X contains length 
of entry. Data 
entered starts at 
memory location 
$200. 

A 

None 

None 

y 

y 

BASIC 
Equivalent 

CALL -756 

CALL -715 

INPUT 

CALL -550 

PRINT 

PRINT 

INVERSEA 
CALL -384 1 

NORMALA 
CALL -380 

I 

~ 
..._ 

~ 
(i) 

= 
c 
~ 
VI' 

(j) 
c 
0: 
<D 



Table G- 2. Built-in Subroutines by Entry Point (continued) 

Entry Registers to Load Registers 
Point Use Before Calling Affected 

$FEBO Return to BASIC, eliminating None A,X,Y 
the program and variables in 
memory. 

$FF2D Print the message ERR and None A 
beep onboard speaker. 

$FF3A Beep the onboard speaker. None A 

$FF3F Restore register contents. None Register contents 
restored from these 
locations: 

A register: 69 ($45) 
S register: 72 ($48) 
X register: 70 ($46) 
Stack Pointer: 73 ($49) 
Y register: 71 ($47). 

$FF4A Save register contents in None None 
reserved page 0 locations: 

A register: 69 ($45) 
S register: 72 ($48) 
X register: 70 ($46) 
Stack Pointer: 73 ($49) 
Y register: 71 ($47). 

$FF69 Entry point for the Monitor. None None 

A-Denotes BASIC commands available in Applesoft only. 
---------- ------

BASIC 
Equivalent 1 

CALL -336 

CALL -211 

CALL -198 

CALL -193 

CALL -182 

CALL -151 

~ 
7 s 
en c 

~ 
i 
""" 
~ 



Conversion Tables H 

This appendix contains tables for the following conversions: 

· Binary-Hexadecimal Numbers (Table H -1) 
· Hexadecimal-Decimal Integers (Table H-2). 

Convert binary numbers larger than 1111 to hexadecimal numbers 
four binary digits at a time, working from right to left. If there 
are fewer than four binary digits in the leftmost group, add lead­
ing zeros. Here is an example: 

1001012 = 001001012 ----
216 516 

2516 

Convert hexadecimal numbers larger than OF to binary one digit 
at a time. Here is an example: 

6716 ,_....._ 
616 716 

01102 01112 
_,..._........_..._ 

011001112 

561 
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Table H-1. Binary-Hexadecimal Conversion Table 

Hexadecimal Binary 

00 0000 
01 0001 
02 0010 
03 0011 
04 0100 
05 0101 
06 0110 
07 0111 
08 1000 
09 1001 
OA 1010 
08 1011 
oc 1100 
00 1101 
OE 1110 
OF 1111 

Table H-2. Hexadecimal-Decimal Conversion Table 

The table below provides for direct conversions between hex a- Hexadecimal fraction~ may be converted to decimal fractions 
decimal integers in the range 0-FFF end decimal integers in as follows: 
the rat~ge 0-4095. For conversion of larger integers, the 
table values may be added to the following figures: 1. Express the hexadecimal fraction as on integer times 

16 -n, where n is the number of significant hexadecimal 
He•adec:imol ~ Hexadecimal ~ places to the right of the hexadecimal point. 

Jl 000 4 096 20 000 131 072 0. CA98F316 = CA9 8F316 X 16-6 
02 000 8 192 30 000 196 608 
03 000 12 288 40 000 262 144 2. Find the decimal equivalent of the hexadecimal integer 
04 000 16 384 50000 327 680 
OS 000 20480 60000 393 216 CA9 BFJ

16 
= 13 278 195

10 
06 000 24 576 70000 458 752 
07 000 28 672 80 000 524 288 3. Multiply the decimal equivalent by 16-n 
08000 32 768 90 000 589 824 
09000 36864 AOOOO 655 360 13 278 195 
OA 000 40 960 80000 720 896 X 596 046 .US X IQ-16 
OB 000 45 056 coooo 786 432 0. 791 442 09610 
oc 000 49 152 00000 851 968 
OD 000 53 248 EOOOO 917 504 Decimal fractions may be converted to hexadecimal fractions 
OE 000 57 344 FO 000 983 040 by successively multiplying the decimal fraction by 1610. 
OF 000 61 440 100 000 I 048 576 After each multiplication, the integer portion is removelf to 
10 000 65 536 200000 2 097 152 form a hexadecimal frccti.on by building to the right of the 
11000 69632 300 000 3 145 728 hexadecimal point. However, since decimal arithmetic h 
12 000 73 728 400 000 4 194 304 used in this conversion, the integer portion of each product 
13 000 77 824 500 000 5 242 880 must be converted to hexadecimal numbers. 
14 000 81 920 600 000 6 291 456 
15 000 86 016 700 000 7 340 032 Example: Convert 0.89510 to its hexadecimal equivalent 
16 000 90 112 800 000 8 388 608 

o:895 
17 000 94 208 900 000 9 437 184 

IF=-~ 
18000 98 304 AOOOOO 10 485 760 
19 000 102 400 BOO 000 II 534 336 
IAOOO 106 496 coo 000 12 582 912 

~ ~ 18 000 110 592 DOO 000 13 631 488 
IC 000 114 688 EOO 000 14 680 064 
ID 000 118 784 FOO 000 15 728 640 ~ (D.~ 
IE 000 122 880 I 000 000 16 n1 216 

O.E51E16 ~ IF 000 126 976 2boo 000 33 554-432 
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Table H-2. Hexadecimal-Decimal Conversion Table (continued) 

0 I 2 3 4 5 6 7 8 9 A 8 c D f F 

00 0000 0001 0002 0003 0004 0005 0006 0007 0008 0009 0010 0011 0012 0013 0014 0015 
01 0016 0017 0018 0019 0020 0021 0022 0023 0024 0025 0026 0027 0028 0029 0030 0031 
02 0032 0033 0034 0035 0036 0037 0038 0039 0040 0041 0042 0043 0044 0045 0046 0047 
OJ 0048 0049 0050 0051 0052 0053 0054 0055 0056 0057 0058 0059 0060 0061 0062 0063 

04 0064 0065 0066 0067 0068 0069 0070 0071 0072 0073 0074 0075 0076 0077 0078 0079 
OS 0080 0081 0082 0083 0084 008.5 0086 0087 0088 0089 0090 0091 0092 0093 ()(194 0095 
06 0096 0097· 0098 0099 0100 0101 0102 0103 0104 0105 0106 0107 0108 0109 0110 0111 
07 0112 0113 0114 0115 0116 0117 0118 0119 0120 0121 0122 0123 0124 0125 0126 0127 

08 0128 0129 0130 0131 0132 0133 0134 0135 0136 0137 0138 0139 0140 0141 0142 0143 
09 0144 0145 0146 0147 0148 0149 0150 0151 0152 0153 0154 0155 0156 0157 0158 0159 
OA 0160 0161 0162 0163 0164 0165 0166 0167 0168 0169 0170 0171 0172 0173 0174 0175 
08 0176 0177 0178 0179 0180 0181 0182 0183 0184 018.5 0186 0187 0188 0189 0190 0191 

oc 0192 0193 0194 0195 0196 0197 0198 0199 0200 0201 0202 0203 0204 0205 0206 0207 
00 0208 0209 0210 0211 0212 0213 0214 0215 0216 0217 0218 0219 0220 0221 0222 0223 
OE 0224 0225 0226 0227 0228 0229 0230 0231 0232 0233 0234 0235 0236 0237 0238 0239 
OF 0240 0241 0242 0243 0244 0245 0246 0247 0248 0249 0250 0251 0252 0253 0254 0255 

10 0156 0257 0258 0259 0260 0261 0262 0263 0264 0265 0266 0267 0268 0169 <mo 0271 
II 0272 0273 0174 0275 0276 0277 0278 0279 0280 0281 0282 0283 0284 0285 0186 0287 
11 0288 0289 0290 0291 0292 0293 0294 0295 0296 0297 0298 0299 0300 0301 0302 0303 
13 0304 0305 0306 0307 0308 0309 0310 (1311 0312 0313 0314 0315 0316 0317 0318 0319 

14 0320 0321 0322 0323 0324 0325 0326 0327 0328 0329 0330 0331 0332 0333 0334 0335 
15 0336 0337 0338 0339 0340 0341 0342 0343 0344 0345 0346 0347 0348 0349 0350 0351 
16 0352 0353 0354 0355 0356 0357 0358 0359 0360 0361 0362 0363 0364 0365 '0366 0367 
17 0368 0369 0370 0371 0372 0373 0374 0375 0376 0377 0378 0379 0380 0381 0382 0383 

18 03S. 0385 0386 0387 0388 0389 0390 0391 0392 0393 0394 0395 0396 0397 0398 0399 
19 0400 0401 0402 0403 0404 0405 0406 0407 0408 0409 0410 0411 0412 0413 0414 0415 
lA 0416 0417 0418 0419 0420 0421 0422 0423 0424 0425 0426 0427 0428 0429 0430 0431 
18 0432 0433 0434 0435 0436 0437 0438 0439 0440 0441 0442 0443 0444 0445 0446 0447 

IC 0448 0449 0450 0451 0452 0453 0454 0455 0456 0457 0458 0459 0460 0461 0462 0463 
10 0464 0465 0466 0467 0468 0469 0470 0471 0472 0473 0474 0475 0476 0477 0478 0479 
IE 0480 0481 0482 0483 0484 0485 0486 0487 0488 0489 0490 0491 0492 0493 0494 0495 
If 0496 0497 0498 0499 0500 0501 0502 0503 0504 0505 0506 0507 0508 0509 0510 0511 

20 0512 0513 0514 0515 0516 0517 0518 0519 0520 0521 0522 o5i3 0524 0525 0526 0527 
21 0528 0529 0530 0531 0532 0533 0534 0535 0536 0537 0538 0539 0540 0541 0542 0543 
22 0544 0545 0546 0547 0548 0549 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559 
23 0560 0561 0562 0563 0564 0565 0566 0567 0568 0569 0570 0571 0572 0573 0574 0575 

24 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 0589 0590 0591 
25 0592 0593 0594 0595 0596 0597 0598 0599 0600 0601 0602 0603 0604 0605 0606 0607 
26 0608 0609 0610 0611 0612 0613 0614 0615 0616 0617 0618 0619 0620 0621 0622 0623 
27 0624 0625 0626 0627 0628 0629 0630 0631 0632 0633 0634 0635 Q636 0637 0638 0639 

28 0640 0641 0642 0643 0644 0645 0646 0647 0648 0649 0650 0651 0652 0653 0654 0655 
29 0656 0657 0658 0659 0660 0661 0662 0663 0664 0665 0666 0667 0668 0669 0670 0671 
2A 0672 0673 0674 0675 0676 0677 0678 0679 0680 0681 0682 0683 0684 0685 0686 0687 
28 0688 0689 0690 0691 0692 0693 0694 0695 0696 0697 0698 0699 0700 0701 0702 0703 

2C 0704 0705 0706 0707 0708 0709 0710 0711 0712 0713 0714 0715 0716 0717 0718 ;)719 
20 0720 0721 0722 0723 0724 0725 0726 0727 0728 0729 0730 0731 0732 0733 0734 0735 
2E 0136 0737 0738 0739 0740 0741 0742 0743 0744 0745 0746 0747 0748 0749 0750 0751 
2F 0752 0753 0754 0755 0756 0757 0758 0759 0760 0761 0762 0763 0764 0765 0766 0767 
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Table H-2. Hexadecimal-Decimal Conversion Table (continued) 

0 I I 2 3 4 5 6 7 8 9 A 8 c 0 E F 

30 0768 0769 0770 0771 0772 0773 0774 0775 0776 0777 0778 0779 0780 0781 0782 0783 
31 0784 0785 0786 0787 0788 0789 0790 0791 0792 0793 0794 0795 0796 0797 0798 0799 
32 0800 0801 0802 0803 0804 0805 0806 0807 0808 0809 0810 0811 0812 0813 0814 0815 
33 0816 0817 0818 0819 0820 0821 0822 0823 0824 0825 0826 0827 0828 0829 0830 0631 

34 0832 0833 0834 0835 0836 0837 0838 0839 0840 0841 0842 0843 0844 0845 0846 0847 
35 0848 0849 0850 0851 0852 0853 0854 08SS 0856 0857 0858 0859 0860 0861 0862 0863 
36 0864 0865 0866 0867 0868 0869 0870 0871 0872 0873 0874 0875 0876 0877 0878 0879 
37 0880 0881 0882 0883 0884 0885 0886 0887 0888 0889 0890 0891 0892 0893 0894 0895 

38 0896 0897 0898 0899 0900 0901 0902 OCXI3 0904 0905 0906 0907 0908 0909 0910 0911 
39 0912 0913 0914 0915 0916 0917 0918 0919 0920 0921 0922 0923 0924 0925 0926 0927 
3A 0928 0929 0930 0931 0932 0933 0934 0935 0936 0937 0938 0939 0940 0941 0942 0943 
38 0944 0945 0946 0947 0948 0949 0950 0951 0952 0953 0954 0955 0956 0957 0958 0959 

3C 0960 0961 0962 0963 0964 0965 0966 0967 0968 0969 0970 0971 0972 0973 0974 0975 
30 0976 0977 0978 OW9 0980 0981 0982 0983 0984 0985 0986 0987 0988 0989 0990 0991 
3E 0992 0993 0994 0995 0996 om 0998 0999 1000 1001 1002 1003 1004 1005 1006 1007 
Jf 1008 1009 1010 lOll 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023 

4C 1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039 
41 1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055 
42 1056 1057 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071 
43 1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087 

44 1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103 
45 1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 1114 IllS 1116 1117 111e 1119 

46 1120 1121 1122 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135 
47 1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151 

48 1152 1153 1154 1155 1156 1157 1158 1159 1160 1161 1162 1163 1164 1165 1166 1167 
49 1168 1169 1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183 
4JI 1184 1185 1186 1187 1188 1189 1190 1191 1192 I 193 1194 1195 1196 1197 1198 1199 

48 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215 

4( 1216 1217 1218 1219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231 
4[ 1232 1233 1234 1235 1236 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247 
4E 1248 1249 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263 
4f 1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279 

so 1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1290 1291 1292 1293 1294 1295 
51 1296 1297 1298 1299 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311 
!)2 1312 1313 1314 1315 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327 
53 1328 1329 1330 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343 

54 1344 1345 1346 1347 1348 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359 
ss 1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375 
56 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391 
57 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1406 1407 

58 1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423 
sc; 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439 
SP. 1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455 
58 1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1471 

sc 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487 
so 1488 1489 1490 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503 
5E 1504 1505 1506 1507 1508 1509 1510 IS II 1512 1513 1514 1515 1516 1517 1518 1519 
SF 1520 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535 
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Table H·2. Hexadecimal·Decimal Conversion Table (continued) 

0 I 2 3 4 5 6 7 8 9 A 8 c 0 E F 

60 1536 1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551 
61 1552 1553 1554 1555 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567 
62 1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583 
63 1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599 

64 1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615 
65 1616 1617 16J8 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631 
66 1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647 
67 1648 1649 16~0 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1!>62 1663 

68 1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1616 1677 1678 1679 
69 1680 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695 
6A 1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711 
68 1712 1713 1714 1715 1716 1717 1718 1719 1720 17/1 1722 1713 1724 1725 1726 1727 

6( 1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 174/ 1143 
60 1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1755 1756 175 7 1758 1759 
6E 1760 1761 1762 1763 1764 1765 1766 1767 l768 1769 1770 1771 1772 1773 1774 L'75 
6F 1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791 

70 17Q/ 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807 
71 1808 1609 1610 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823 
72 18/4 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839 
73 1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1653 1854 1855 

74 1856 1857 1858 1859 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 1870 1871 
75 1871 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887 
76 1888 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1991 1902 1903 
77 1904 1905 1906 1907 1908 1909 1910 1911 1912 HU 1914 191.5 1916 1917 1918 1919 

78 1920 1921 19n 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 
79 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 
7A 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 
78 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 

7C 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
70 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
7E 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 
7F 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 

80 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063 
81 7064 2065 2066 2067 2068 2069 2070 2071 2072 2073 2074 2075 2076 2077 2078 2079 
82 2080 2081 2082 2083 2084 2085 2086 2087 2088 2089 2090 2091 2092 2093 2094 2095 
83 2096 2097 2098 2099 2100 2101 2102 2103 2104 2105 2106 2107 2108 2109 2110 2111 

84 2112 2113 2114 2115 2116 2117 2118 2119 2120 2121 2122 2123 2124 2125 2126 2127 
85 2128 2129 2130 2131 2132 2133 2134 2135 2136 2137 2138 2139 2140 2141 2142 2143 
86 2144 2145 2146 2147 2148 2149 2150 2151 2152 2153 2154 2155 2156 2157 2158 2159 
87 2160 2161 2162 2163 2164 2165 2166 2167 2168 2169 2170 2171 2172 2173 2174 2175 

88 2176 2177 2178 2179 2180 2181 2182 2183 2184 2185 2186 2187 2188 2189 2190 2191 
89 2192 2193 2194 2195 2196 2197 2198 2199 2200 2201 2202 2203 2204 2205 2206 2207 
SA 2208 2209 2210 2211 2212 2213 2214 2215 2216 2217 2218 2219 2220 2221 2222 2223 
811 2224 2225 2226 2227 2228 2229 2230 2231 2232 2233 2234 2235 2236 2237 2238 2239 

8( 2240 2241 2242 2243 2244 2245 2246 2247 2248 2249 2250 2251 2252 2253 2254 2255 
80 2256 2257 2258 2259 2260 2261 2262 2263 2264 2265 2266 2267 2268 2269 2270 2271 
BE 2272 2273 2274 2275 2276 2277 2278 2279 2280 2281 2282 2283 2284 2285 2286 2287 
BF 2288 2289 2290 2291 2292 2293 2294 2295 2296 2297 2298 2299 2300 2301 2302 2303 
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Table H- 2. Hexadecimal-Decimal Conversion Table (continued) 

0 1 2 3 4 s 6 7 8 9 A 8 c 0 E F 

90 231M 2305 2306 2307 2308 2309 2310 2311 2312 2313 2314 2315 2316 2317 2318 2319 
91 2320 2321 2322 2323 2324 2325 2326 2327 2328 2329 2330 2331 2332 2333 2334 2335 
92 2336 2337 2338 2339 2340 2341 2342 2343 2344 2345 2346 2347 2348 2349 2350 2351 
93 2352 2353 2354 2355 2356 2357 2358 2359 2360 2361 2362 2363 2364 2365 2366 2367 

94 2368 2369 2370 2371 2372 2373 23i4 2375 2376 2377 2378 2379 2380 2381 2382 2383 
95 2384 2385 2386 2387 2388 2389 2390 2391 2392 2393 2394 2395 2396 2397 2398 2399 
96 2400 2 .. 01 2402 2403 240<1 2..0S 2406 2..07 2.t08 2409 2410 2411 2•12 2413 2414 2 .. 15 
97 2416 2417 2 .. 18 2419 2420 2421 2422 2423 242 .. 2425 2 .. 26 2427 2•28 2429 2430 2 .. 31 

98 2432 2 .. 33 2434 2435 2436 2437 2•38 2439 24.-o 2441 2442 2443 2444 2445 2446 2447 
99 2448 2449 2450 2451 2452 2453 2454 2455 24.56 2457 2458 2459 2460 2461 2462 2463 
9A 2464 2465 2466 2467 2468 2469 2470 2471 2472 2473 2474 2475 2476 2477 2478 2479 
98 2480 2481 2482 2483 2484 2485 2486 2487 2488 2489 2490 2491 2492 2493 2494 2495 

9C 2496 2497 2498 2499 2500 2501 2502 2503 250<1 2505 2506 2507 2508 2509 2510 2511 
90 2512 2513 2514 2515 2516 2517 2518 2519 2520 2521 2522 2523 2524 2525 2526 2527 
9E 2528 2529 2530 2531 2532 2533 2534 2535 2536 2537 2538 2539 2540 2541 2542 2543 
9F 2544 25 .. 5 2546 2547 2548 2549 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 

AO :?560 2561 2562 2563 2564 2565 2566 2567 2568 2569 2570 2571 2572 2573 7)74 2575 
AI 2576 2577 2578 2579 2580 2581 2582 2583 2584 2585 2586 2587 2:.88 2589 7590 2591 
A:? 2592 2593 2594 2595 2596 2597 2598 2599 2600 2601 2602 2603 2604 2605 :l606 2607 
AJ 2608 2609 2610 2611 2612 2613 2614 2615 2616 2617 2618 2619 2620 2621 '2622 2623 

A4 2624 2625 2626 2627 2628 2629 2630 2631 2632 2633 2634 2635 '2636 2637 2638 2639 
AS 2640 2641 2642 2643 2644 2645 2646 2647 2648 2649 2650 2651 2652 2653 2654 2655 
Ao 2656 2657 2658 2659 2660 2661 2662 2663 2664 2665 2666 2667 1668 1669 2670 2671 
A7 2672 2673 2674 2675 2676 2677 2678 2679 2680 1681 1682 2683 1684 2685 1686 2687 

AS 1688 2689 2690 2691 2692 2693 2694 2695 2696 2697 2698 2699 2700 2701 1702 2703 
A9 2704 2705 2706 2707 :nos 2709 2710 2711 2712 2713 2714 2715 2716 2717 1718 :,1719 
AA 2720 2721 2722 2723 2724 2725 2726 2727 2728 2729 2730 2731 2732 2733 2734 27.35 
AB 2736 2737 2738 2739 2740 2741 2742 2743 2744 2745 2746 2747 2748 2749 2750 2751 

AC 2752 2753 2754 2755 2756 2751 2758 2759 2760 2761 2762 2763 2764 2765 2766 2767 
AD 2768 2769 2770 2771 2772 2773 2774 2775 2776 2777 2778 2779 2780 2781 /782 2783 
AE 2784 2785 2786 2787 2788 2789 2790 2791 2792 2793 2794 2795 2796 2797 2798 2799 
Af 2800 2801 2802 2803 2804 2~5 2806 2~7 2808 2809 2810 2811 2812 2813 2814 2815 

BO 2816 2817 2818 2819 2820 2821 2822 2823 2824 2825 2826 2827 2828 2829 2830 2831 
81 2832 2833 2834 2835 2836 2837 2838 2839 2840' 2841 2842 2843 2844 2845 2846 2847 
82 2848 2849 2850 2851 2852 2853 2854 2855 2856 2857 2858 2859 2860 2861 2862 2863 
83 2864 2865 2866 2867 2868 2869 2870 2871 2872 2873 2874 2875 2876 2877 2878 2879 

84 2880 2881 2882 2883 2884 2885 2886 2887 2888 2889 2890 2891 2892 2893 2894 2895 
85 2896 2897 2898 2899 2900 2901 2902 2903 2904 2905 2906 2907 2908 2909 2910 :,1911 
86 2912 2913 2914 2915 2916 2917 2918 2919 2920 2921 2922 2923 2924 2925 2926 2977 
87 2928 2929 2930 2931 2932 2933 2934 2935 2936 2937 2938 2939 2940 2941 2942 2943 

88 2944 2945 2946 29 .. 7 2948 2949 2950 2951 2952 2953 2954 2955 2956 2957 2958 2959 
89 2960 2961 296'1 2963 2964 2965 2966 2967 2968 2969 2970 2971 2972 2973 2974 2975 
s~ 2976 2977 2978 2979 2980 2981 2982 2983 2984 2985 29U 2987 2988 2989 2990 2991 
88 2992 2993 2994 2995 2996 2997 2998 2999 3000 3001 3002 3003 3004 3005 3006 3007 

BC 3008 3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 3019 3020 3021 3022 30:?3 
80 3024 3025 3026 3027 3028 3029 3030 3031 3032 3033 3034 3035 3036 3037 3038 3039 
BE 3040 3041 3042 3043 3044 3045 3046 3047 3048 3049 3050 3051 3052 3053 3054 JOSS 
8F 30.56 3057 3058 3059 3060 3061 3062 3063 3064 3065 3066 3067 3068 3069 3070 3071 
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Table H-2. Hexadecimal-Decimal Conversion Table (continued) 

0 1 2 3 4 s 6 7 8 9 A B c D E F 

co 3072 3073 3074 3075 3076 3077 3078 3079 3080 3081 3082 3083 3084 3085 3086 3087 
Cl 3088 3089 3090 3091 309'2 3093 3094 3095 3096 3097 3098 3099 3100 3101 310:? 3103 
C2 3104 3105 3106 3107 3108 3109 3110 3111 3112 3113 3114 3115 3116 3117 3118 3119 
C3 3120 3121 3122 3123 3124 3125 3126 3127 3128 3129 3130 3131 3132 3133 3134 3135 

(4 3136 3137 3138 3139 3140 3141 3142 3143 3144 3145 3146 3147 3148 3149 3150 3151 
C5 3152 3153 3154 3155 3156 3157 3158 3159 3160 3161 3162 3163 3164 3165 3166 3167 
C6 3168 3169 3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 3180 3181 3182 3183 
C7 3184 3185 3186 3187 3188 3189 3190 3191 3192 3193 3194 3195 3196 3197 3198 3199 

C8 3200 3201 3202 3203 3204 3205 3206 3207 3208 3209 3210 3211 3212 3213 3214 3215 
(9 3216 3217 3218 3219 3220 3221 3222 3223 3224 3225 3226 3227 3228 3229 3230 :!231 
(.4 3232 3233 3234 3235 3216 3237 3238 3239 3240 3241 3242 3243 3244 3245 3246 3247 
CB 3248 3249 3250 3251 3252 3253 3254 3255 3256 3257 3258 3259 3260 3261 3262 3:?63 

cc 3264 3265 3266 3267 3268 3269 3270 3271 3272 3273 3274 3275 3276 3277 3278 3279 
CD 3280 3281 3282 3283 3284 3285 3286 3287 3288 3289 3290 3291 3292 3293 3294 3295 
CE 3296 3297 3298 3299 3300 3301 3302 3303 3304 3305 3306 3307 3308 3309 3310 3311 
CF 3312 3313 3314 3315 3316 3317 3318 3319 3320 3321 3322 3323 3324 3325 3326 332;' 

DO 3328 3329 3330 3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 3341 3342 3343 
01 3344 3345 3346 3347 3348 3349 3350 3351 3352 3353 3354 3355 3356 3357 3358 3359 
02 3360 3361 3362 3363 3364 3365 3366 3367 3368 3369 3370 3371 3372 3373 3374 3375 
03 3376 3377 3378 3379 3380 3381 3382 3383 3384 3385 3386 3387 3388 3389 3390 3391 

04 3392 3393 3394 3395 3396 3397 3398 3399 3400 3401 3402 3403 3404 .3405 3406 3407 
05 3408 3409 3410 3411 3412 3413 3414 3415 3416 3417 3418 3419 3420 3421 3422 3423 
D6 3424 3425 3426 3427 3428 3429 3430 3431 3432 3433 3434 3435 3436 3437 3438 3439 
07 3440 3441 3442 3443 3444 3445 3446 3447 3448 3449 3450 3451 3452 3453 3454 3455 

08 3456 3457 3458 3459 3460 3461 3462 3463 3464 3465 3466 3467 3468 3469 3470 3471 
09 3472 3473 3474 3475 3476 3477 3478 3479 3480 3481 3482 3483 3484 3485 3486 3487 
D.A 3488 3489 3490 3491 3492 3493 3494 3495 3496 3497 3498 3499 3500 3501 3502 3503 
DB 3504 3505 3506 3507 3508 3509 3510 3511 3512 3513 3514 3515 3516 3517 3518 3519 

DC 3520 3521 3522 3523 3524 3525 3526 3527 3528 3529 3530 3531 3532 3533 3534 3535 
DO 3536 3537 3538 3539 3540 3541 3542 3543 3544 3545 3546 3547 3548 3549 3550 3551 
DE 3552 3553 3554 3555 3556 3557 3558 3559 3560 3561 3562 3563 3564 3565 3566 3567 
OF 3568 3569 3570 3571 3572 3573 3574 3575 3576 3577 3578 3579 3580 3581 3582 3583 

EO 3584 3585 3586 3587 3588 3589 3590 3591 3592 3593 3594 3595 3596 3597 3598 3599 
El 3600 3601 3602 3603 3604 3605 3606 3607 3608 3609 3610 3611 3612 3613 3614 3615 
E2 3616 3617 3618 3619 3620 3621 3622 3623 3624 3625 3626 3627 3628 3629 3630 3631 
E3 3632 3633 3634 3635 3636 3637 3638 3639 3640 3641 3642 3643 3644 3645 3646 3647 

E4 3648 3649 3650 3651 3652 3653 3654 3655 3656 3657 3658 3659 3660 3661 3662 3663 
E5 3664 3665 3666 3667 3668 3669 3670 3671 3672 3673 3674 3675 3676 3677 3678 3679 
E6 3680 3681 3682 3683 3684 3685 3686 3687 3688 3689 3690 3691 3692 3693 3694 3695 
E7 3696 3697 3698 3699 3700 3701 3702 3703 3704 3705 3706 3707 3708 3709 3710 3711 

E8 3712 3713 3714 3715 3716 3717 3718 3719 3720 3721 3722 3723 3724 3725 3726 3727 
E9 3728 3729 3730 3731 3732 3733 3734 3735 3736 3737 3738 3739 3740 3741 3742 3743 
EA 3744 3745 3746 3747 3748 3749 3750 3751 3752 3753 3754 3755 3756 3757 3758 3759 
EB 3760 3761 3762 3763 3764 3765 3766 3767 3768 3769 3770 3771 3772 3773 3774 3775 

EC 3776 3777 3778 3779 3780 3781 3782 3783 3784 3785 3786 3787 3788 3789 3790 3791 
EC 3792 3793 3794 3795 3796 3797 3798 3799 3800 3801 3802 3803 3804 3805 3806 3807 
EE 3808 3809 3810 3811 3812 3813 3814 3815 3816 3817 3818 3819 3820 3821 3822 3823 
EF 3824 3825 3826 3827 3828 3829 3830 3831 3832 3833 3834 3835 3836 3837 3838 3839 
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Table H-2. Hexadecimal-Decimal Conversion Table (continued) 

0 I 2 3 4 5 6 7 8 9 A 8 c D E F 

FO 3840 3841 3842 3843 38+4 3845 3846 3847 3848 3849 3850 3851 3852 3853 3854 3855 
F I 3856 3857 3858 3859 3860 3861 3862 3863 3864 3865 3866 3867 3868 3869 3870 3871 
F2 3872 3873 3874 3875 3876 3877 3878 3879 3880 3881 3882 3883 3884 3885 3886 3887 
F3 3888 3889 3890 3891 3892 3893 3894 3895 3896 3897 389C 3899 3900 3901 3902 3903 
F4 3904 3905 3906 3907 3908 3909 3910 39ll 3912 3913 3914 3915 3916 3917 3918 3919 

F5 3920 3921 3922 3923 3924 3925 3926 3927 3928 3929 3930 393T 3932 3933 3934 3935 
F6 3936 3937 393B 3939 3940 3941 3942 3943 3944 3945 3946 3947 3948 3949 3950 3951 
F7 3952 3953 3954 3955 3956 3957 3958 3959 3960 3961 3962 3963 3964 3965 3966 3967 
F8 3968 3969 3970 3971 3972 3973 3974 3975 3976 3977 3978 3979 3980 3981 3982 3983 

F9 3984 3985 3986 3987 3988 3989 3990 3991 3992 3993 3994 3995 3996 3997 3998 3999 
f,6 4000 4001 4002 4003 4004 4005 4006 4007 4008 4009 4010 40ll 4012 4013 4014 4015 
FB 4016 4017 4018 4019 4020 4021 4022 4023 4024 4025 4026 4027 4028 4029 4030 4031 
FC 4032 4033 4034 4035 4036 4037 4038 4039 4040 4041 4042 4043 4044 4045 4046 4047 

FO 4048 4049 4050 4051 4052 4053 4054 4055 4056 4057 4058 4059 4060 4061 4062 4063 
FE 4064 4065 4066 4067 4068 4069 4070 4071 4072 4073 4074 4075 4076 40n 4078 4079 
FF 4080 4081 4082 4083 4084 4085 4086 4087 4088 4089 4090 4091 4092 4093 4094 4095 



Screen Display Forms I 

Use photocopies of the forms in this appendix to plan the 
appearance of the display screen. On the text screen form (Figure 
I -1), row and column numbers start with l, which is appropriate 
for text work. On the low-resolution graphics screen form (Figure 
I -2), row and column numbers start with 0, as do low-resolution 
graphics commands. For so-column text screen planning, use 
graph paper with eight squares to the inch. For high-resolution 
graphics design, use graph paper with 20 squares to the inch. 
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Index 

A 
ABS function, 498 
Accessory cards, 5-7 

Disk II controller, 7 
SO-column, 7 
Graphics Tablet controller, 7 
Integer BASIC firmware, 7 
Language System, 7 
Parallel Interface, 7 
Super Serial, 7 

Active-40 mode, 87 
Active-SO mode, 87 
Addresses, memory, 178 
Ampersand command, 106-09 
AND, 148 
APPEND command, 278-79 

DOS 8.8, 427-28 
ProDOS, 426 

Apple II 
models compared, 1, 527-81 
resetting, 48-44 
restarting, 28 
starting, 23-28 
starting without disks, 88 

Applesoft 
array dimension limits, 186 
command prompt character, 

84-84 
commands, 426-97 
error message format, 91-92 
functions, 498-511 

line length, 88 
line number range, 98 
loading from tape, 89-40 
machine language programs 

with, 415-16 
multiple-statement lines, 101 
quitting, 109 
restarting from Machine 

Language Monitor, 892 
significant digits, 90 
starting, 83-84 
statements, 426-97 
variable names, 130-32 

Application programs, 20 
Arcs, drawing, 850-51 
Arrays, 184-87 

assigning values to, 
146-47 

clearing, 149-50 
dimensioning, 185-87 
elements, 184 
indexes, 184 
inputting values, 152-55 
memory used by, 525 
multidimensional, 185-36 
names, 134 
redimensioning, 137 
types, 184, 135 
zero element of, 525 

Arrow keys, 31 
cursor movement with, 92-93 

573 
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ASC function, 498 
ASCII, 126, 239-40 

code numbers, 533-36 
conversion functions, 158 

Aspect ratio, 352 
Assembly language, 

408-09, 413-15 
Asterisk 

indicating locked 
file, 114-19 

Machine Language 
Monitor command prompt, 
391-92 

multiplication symbol, 145 
ATN function, 498-99 
AUTO command, 102-03, 428 
Average Growth Rate program 

B 

description, 339-41, 344 
listing, 341-43 

Bach Minuet program 
description, 382, 385-86 
listing, 384-85 
musical score, 383 

BASIC. See also 
Applesoft; Integer BASIC 
command prompts, 33-34 
commands, 426-97 
commands, terminating, 

86 
commands, typing, 85-86 
compiler, 523-24 
dialects of, 82-83 
functions, 498-511 
immediate mode, 87 
line length, 86-87, 88 
machine language 

programs with, 415-16 
origin of, 82 
starting, 83-85 
starting programs, 35, 

39-40 
startup disk, creating, 85 
statements, 426-97 

Beep character, 126 
BLOAD command, 326-27 

DOS 3.3, 429 
ProDOS, 428-29 

Booting, 27 
Branching, 161-65 

computed, 163-65 
from subroutines, 171-73 
to subroutines, 170-72 
unconditional, 161-62 

BRUN command, 36, 327 
DOS 3.3, 430-31 
ProDOS, 429-30 

BSAVE command, 325-26 
DOS 3.3, 432 
ProDOS, 431-32 

Buffers, 269 
flushing, ProDOS, 316-17 
maximum, DOS 3.3, 

328-29 
printer, 15-16 

Byte number, 299-300, 304 
Bytes, 5, 362-63 

c 
CALL statement, 179, 416, 

432 
accessing Machine Language 

Monitor, 391-92 
accessing Mini-Assembler 

with, 409 
clearing graphics screen 

with, 347 
clearing text screen with, 

183 
filling graphics screen with, 

347 
Capital letters, 32 

BASIC commands, 86 
CAPS LOCK key, 30 
Carriage return, 186-88, 278, 

304 
Cassette recorder, 13-15 

loading programs from, 123 
retrieving memory contents 

from, 400-01 
saving memory contents 

on, 399-400 
saving programs on, 122-23 
saving several programs 

on, 122-23 
starting programs from, 

37-40 



volume adjustment, 38-39 
write-protecting cassettes, 

13-15 
CAT command, 433, 115 
CATALOG command 

DOS 3.3, 119-20, 433-35 
ProDOS, 114-15, 433-34 

Catalog, DOS 3.3 disk, 77-78 
CHAIN command 

DOS 3.3, 435-36 
ProDOS, 435 

Characters 
ASCII, 126 
ASCII codes, 533-36 
carriage return, 186-88 
changing, 94-95 
control, display screen, 204 
control, printer, 257-63 
control, with GET statement, 

207 
deleting, 95-96, 420 
determining from screen, 

239 
displaying, 88 
flashing style, 198 
inserting, 96-97 
inverse style, 197-98 
invisible, 126, 188 
keystrokes for, 533-36 
Mousetext, 199-200 
output rate, 198 
recopying, 420 
screen codes, 537 
style in Machine 

Language Monitor, 407 
CHR$ function, 184-85, 

243, 499 
Circles, drawing, 348-54 
CLEAR command, 150, 436 
CLOSE command, 269-70 

DOS 3.3, 436-37 
ProDOS, 436 
random-access files, 304 

CLR command, 150-51, 437 
Colon, in program lines, 101 
Color 

background, high­
resolution, 347 
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background, low­
resolution, 337 

complement, 369 
determining, low­

resolution, 338 
low-resolution, 333 
palettes, high-resolution, 

347 
phenomena, high­

resolution, 346-47 
selecting, high-resolution, 

345 
selecting, low-resolution, 

334 
COLOR= statement, 334, 

437-38 
Combination keystrokes, 

32-33 
Command prompts. See Prompt 
Command summary. See 

also specific command name 
format of, 423 
generic terms in, 423-25 
nomenclature in, 423 

Commands. See also 
specific command name 
DOS 3.3, 118-22 
editing, 92-97 
ProDOS, 1ll-18 
summary, 426-97 
terminating, BASIC, 86 
typing, BASIC, 85-86 

Commas 
prohibited in numbers, 

126, 153 
separating variables with, 

153 
setting tab stops with, 

188-90 
Comments, program, 101-02, 

525 
Compilers, 20-21 
Composite monitor, 9-10 
CON command, 176, 438 
Concatenation, string 

Applesoft, 139 
Integer BASIC, 157-58 

Conditional execution, 174-76 
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Console 
contents of, 4-5 
switching on, 26-28 

CONT command, 176, 
438-39 

Control characters, 204, 207, 
257-63 

CONTROL key, 30, 32-33 
CONTROL-A, 243 
CONTROL-B, 34 
CONTROL-C, 177, 392 
CONTROL-D, 185 
CONTROL-E, 395-96, 398-99 
CONTROL-I, 243 
CONTROL-K, 407 
CONTROL-P, 407 
CONTROL-S, 100 
CONTROL-X, 33, 86, 103 
CONTROL-Y, 407-08 
Conversion tables, number, 

562-68 
CONVERT Menu, 63-67 
COPY program, 72-74 
COPYA program, 72-74 
COS function, 499 
CREATE command, 115-16, 

439 
Cursor, 28-29 
control from BASIC, 195-96 

control subroutines, 

D 

machine language, 553 
designs of, 92-93, 185 
determining position of, 196 
invisible in text window, 345 
movement with keystrokes, 

420 
moving, 92-94 
position of, 541 

Dash command, 328, 439 
Data Files. See Files 
DATA statement, 148-49, 440 
Date, setting ProDOS, 67 
Debugging, 179-81 
DEF FN statement, 158-60, 

440-41 
Degrees, 351, 370 
DEL command, 105, 441 

DELETE command, 272-73 
DOS 3.3, 121, 442 
ProDOS, 116, 441-42 

DELETE key, 30 
DIM statement, 132-33, 

135-37 
Applesoft, 442-43 
Integer BASIC, 443-44 

Directories, ProDOS disk, 
46-47 
creating, 57, 115-16 
deleting, 116 
listing, 114-15 
locking, 116 
renaming, 116 
unlocking, 116 

Disk drives. See also Disks, 
11-13 
Disk II, 11-12 
Duodisk, 11-12 
hard disk, 12-13 
inserting disk into, 25-26 
Profile, 12-13 
specifying, 36-37, 58 
specifying, DOS 3.3, 122 
specifying, ProDOS, 

117-18 
Diskettes. See Disks 
Disks 

capacity of, 12 
catalog, DOS 3.3, 77-78, 

119-20 
checking, ProDOS, 60 
comparing, ProDOS, 61 
converting, DOS 3.3 

to/from ProDOS, 63-67 
directories, ProDOS, 

46-47 
diskettes, 12 
duplicating, DOS 3.3, 

72-74 
duplicating, ProDOS, 

59-60 
files, DOS 3.3, 72 
files, ProDOS, 46 
floppy, 12 
formatting, ProDOS, 59 
initializing, DOS 3.3, 

120-21 



inserting, 25-26 
listing available, ProDOS, 

60 
renaming, ProDOS, 60 
retrieving memory from, 

401-02 
saving memory contents 

on, 401 
space available, DOS 3.3, 

78 
space available, ProDOS, 

61 
start-up, 24-25, 27 
starting programs from, 

33-37 
13-sector, 37 
volume number, DOS 3~3, 

77-78 
write-protecting, 12 

Display screen. See also 
Output 
carriage return, 187-88 
character codes, 239-40, 

537 
clearing, 183, 333-34, 347 
color monitors, 9-10 
control characters, 204 
controlling, 543-45 
cursor control, 195-96 
design forms, 569-71 
designing input forms for, 

209-10 
freezing with CONTROL-S, 

100 
line width, text, 7-8, 

86-87, 184-85 
modes, 331 
monochrome monitors, 8 
special effects, 197-204 
subroutines, built- in, 553 
switching on, 23-24 
television, 8-9 
vertical blanking interval, 

546 
DOS 3.3. See also Disks; 

Files; individual command 
names 
commands, 426-97 
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converting to ProDOS, 
63-67 

earlier versions of, 37 
error interception 

problems and, 276-77 
file buffers, 269 
files, 72 
immediate mode 

restrictions, 422 
loading from Machine 

Language Monitor, 393 
starting up with, 27 
System Master Disk, 71 

Double high-resolution 
graphics, 331, 374 

Down-arrow key, 31 
cursor movement with, 

92-93 
DRAW statement, 368-69, 444 
Drives. See Disk drives 
DSP command, 181, 444-45 

E 
Edit mode, 92-93 
Editing techniques, 92-97, 

103-09 
SO-column adapter 

activating, 86-87, 184-85 
activating from Machine 

Language Monitor, 393 
deactivating, 87 
mouse effect on, 225 
printer effect on, 241-42 
slot used, 7 

Ellipses, drawing, 352 
END statement, 100-01, 177, 

445 
Entries, terminating with 

RETURN key, 32 
Errors 

Applesoft messages, 513-16 
code, determining, 542 
codes, 514 
DOS 3.3 messages, 521-22 
formats of, BASIC, 91-92 
Integer BASIC messages, 

516-18 
intercepting program, 274-77 
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interception indicator, 542 
line number, determining, 542 
problems with, 276-77 
ProDOS messages, 518-20 

ESC key, 30 
changing line width with, 87 
editing commands with, 92-97 
in STARTUP program, 50, 52 

Escape mode, 92-93 
EXEC command, 300-02 

DOS 3.3, 446-47 
ProDOS, 445-46 

EXP function, 499 
Expansion slots, 5-7 
Exponential regression, 339 
Expressions 

F 

arithmetic, 139-41 
functions in, 156 
integer, 139-40, 146 
logical, 143-44, 145 
mixed-type, 144-46 
operators, 145 
precedence of operators 

in, 138, 145 
real, 141, 146 
relational, 141-43, 145, 175 
string, 139 

FID program 
copying files with, 76-77, 80 
disk catalog with, 77-78 
disk space available, 78 
drive and slot, specifying, 

76, 79 
errors, 79-80 
file deleting with, 79 
file locking with, 78-79 
file names in, 74-76 
file unlocking with, 78-79 
file verifying with, 79 
quitting, 79 
starting, 36, 74 
wildcard characters in, 74-76 

Fields, 266 
separating values of, 277-78 
skipping, 279-80 

File Commands Menu. See 
also Files, 52-57 

FILEM program. See 
FID program 

Filer Menu 
default response selection, 

61-62 
File Commands Menu, 52-57 
file names in, 52-54 
paths in, 52-54 
quitting, 62 
specifying the disk drive 

in, 58 
starting, 52 
Volume Commands Menu, 

57-61 
wildcard characters in, 

53-54, 55 
Files 

accessing methods, 266-68 
appending to sequential, 

278-79 
binary, 325-27 
buffers, 269 
buffers, flushing ProDOS, 

316-17 
closing, 269-70 
closing, random-access, 304 
comparing, ProDOS, 57 
copying DOS 3.3, 76-77, 80 
copying ProDOS, 56 
deleting, 272 
deleting DOS 3.3, 79, 121 
deleting ProDOS, 56, 116 
DOS 3.3, 72 
end of, in Integer BASIC, 

276 
end of random-access, 305 
end of sequential-access, 

274-76 
layout, 266-67 
listing ProDOS, 55-56 
locking DOS 3.3, 78-79, 121 
locking ProDOS, 57, 116 
machine language, 325-27 
names, DOS 3.3, 72 
names, ProDOS, 48 
number open, DOS 3.3, 

328-29 
opening, 268-69 



opening random-access, 
302-04 

ProDOS, 46 
reading random-access, 

304-05 
reading sequential, 273-74 
record length, 302-04 
renaming, 116 
renaming DOS 3.3, 121 
renaming ProDOS, 57 
separating data values in, 

277-78 
skipping characters in, 

299-300 
skipping fields in, 279-80 
structure of, 265-66 
types, DOS 3.3, 77 
types, ProDOS, 56 
unlocking, 116 
unlocking DOS 3.3, 78-79, 

121 
unlocking ProDOS, 57 
verifying DOS 3.3, 79 
writing random-access, 

304-05 
writing sequential, 270-73 

FLASH command, 198, 447 
DOS 3.3 data file 

problems, 271 
Floppy disks. See Disks 
FLUSH command, 316-17, 

447-48 
FN function, 158-60, 500 
FOR statement, 166-69, 

448-49 
Formatting, disk, 59, 120-21 
FP command, 85, 449-50 
FRE command, 450 
FRE function, 500 
Function summary. See 

Command summary; specific 
function name 

Functions. See also specific 
function name, ·155-60, 
498-511 
ASCII conversion, 158 
derived numeric, 508-11 
string concatenation, 157-58 
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substring, 156-57 
user-defined, 158-60 

Future Projections program 
description, 340-41, 343 
features, 338-40 
listing, 341-43 

G 
Game controls, 19-20 
memory locations, 546-49 
GET statement, 207, 450-51 

ONERR GOTO problems and, 
276-77 

GOSUB statement, 171-72, 
174, 451 

GOTO statement, 161-62, 
164-65, 452 
and subroutines, 170-71 
in IF-THEN statements, 176 

GR statement, 332-33, 452 
Graphics. See also High­

resolution graphics; Low-
resolution graphics 
background color, 337, 347 
colors, 333, 334, 345, 346 
double high-resolution, 

331, 374 
full-screen, 333-34 
line drawing, 335-37, 346 
modes, 331 
Mousetext characters, 

199-203 
shapes, 356-74 
text window, 332-34, 345 

Graphics Tablet controller 
card, 7 

Graphs, 338-43 
Greeting program, 121 

H 
Hand controls. See Game controls 
HCOLOR= statement, 345, 453 
Hexadecimal arithmetic, 407 
Hexadecimal numbers, 392-93 
HGR statement, 344-45, 453-54 
HGR2 statement, 454 
High-resolution graphics 

arcs, 350-51 
background color, 347 
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circles, 348-50 
clearing screen, 347 
color phenomena, 346-47 
colors, 345 
ellipses, 352 
line drawing, 346 
point plotting, 346 
polygons, 350 
rays, 351 
resolution of, 344 
shapes, 356-74 
starting, 344-45 
text window with, 345 

HIMEM: command, 454-55 
HLIN statement, 336, 455-56 
HOME command, 183, 456 
HPLOT statement, 346, 456-57 
HTAB statement, 195-96, 457 

with printer, 246 

I 
IF-THEN statement, 175-76 

Applesoft, 457-58 
Integer BASIC, 458-59 

Imagewriter. See Printer 
Immediate mode, 87 

Integer BASIC 
restrictions, 422 

IN# command, 459-60 
INIT command, 120-21, 460 
Initializing, disk, 59, 120-21 
Input 

redirecting, with Machine 
Language Monitor, 408-09 

subroutines, built-in, 552 
Input, keyboard 

checking responses, 205-06 
controlling, 205 
demonstration program, 

210-17 
entry field templates, 207-09 
grouped, 209-10 

INPUT statement, 152-55 
Applesoft, 460-61 
Integer BASIC, 462 
ON-ERR GOTO problems 

and, 276-77 
prompt message, 154-55 
reading data files with, 274 

reading mouse with, 226 
writing data files with, 

277-78 
INT command, 85, 463 
INT function, 501 
Integer BASIC 

array dimension limits, 136 
command prompt, 34 
commands, 426-97 
error message format, 91-92 
functions, 498-511 
line length, 88 
line number range, 98 
line numbering, automatic, 

102-03 
machine language programs 

with, 415-16 
multiple-statement lines, 101 
number range, 89 
quitting, 109 
restarting from Machine 

Language Monitor, 392 
starting from Applesoft, 85 
statements, 426-97 
variable names, 132-33 

Integer BASIC firmware 
card, 7 

Interface cards. See 
Accessory cards 

Interpreters, 20-21 
INVERSE command, 

197-98, 463 

J 

DOS 3.3 data file problems 
with, 271 

Joystick, 19 

K 
K, 5 
Keyboard. See also specific 

key names, 6-7 
character typed, 542 
repeating keys, 33 
status, 542 
status with mouse 

active, 227 
using, 29-32 

Language System card, 7 



LEFT$ function, 501 
Left-arrow key, 31 

cursor movement with, 
92-93 

deleting characters with, 
94-95 

LEN function, 157-58, 501 
LET= statement, 146-47, 

463 
Line numbers, 98 
Line width, BASIC, 86-87, 

88 
setting, 184, 185 

Lines 
drawing high-resolution, 

346 
drawing low-resolution, 

335-37 
editing program, 420 

LIST command, 98-100, 
103-04, 464 
paging with, 246 
printer, 243-44 

LOAD command 
cassette, 123, 465-66 
DOS 3.3, 118-19, 465 
ProDOS, 113, 464-65 

LOCK command 
DOS 3.3, 121, 466-67 
ProDOS, 116, 466 

Locking 
disks, 12 
files, DOS 3.3, 78-79, 121 
files, ProDOS, 57, 116 

LOG function, 501-02 
LOMEM: command, 467 
Loops, 166-69 · 

illegal, 169 
nested, 167-69 

Low-resolution graphics 
background color, 337 
clearing screen, 333-34 
color, determining, 338 
color, selecting, 334 
colors, 333 
design form, 571 
diagonal line drawing, 

335-36 
ending, 334 
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full-screen, 333 
graphing with, 338-43 
horizontal line drawing, 

336 
point plotting, 335 
resolution, 332 
starting, 332-33 
subroutines, built-in, 552 
text window, eliminating, 

333 
text window, restoring, 334 
vertical line drawing, 

336-37 
Lowercase letters, 32 

BASIC commands, 86"' 

M 
Machine Language 

Monitor, 21 
accessing, 391-92 
altering memory with, 

396-98 
altering registers with, 

398-99 
command prompt, 34, 

391-92 
comparing memory with, 

404-05 
disassembling machine 

language programs with, 
413-15 

examining memory with, 
393-95 

examining registers with, 
395-96 

filling memory with, 
403-04 

hexadecimal arithmetic 
with, 407 

hexadecimal numbers with, 
392-93 

leaving, 392 
memory location pointer, 

393, 395, 396, 397 
moving memory with, 402 
printers with, 407 
purpose of, 391 
redirecting input with, 

408-09 



582 I Apple II User's Guide 

retrieving memory contents 
from tape, 400-01 

saving memory contents on 
tape, 399-400 

starting machine language 
program from, 406 

user-definable command, 
407-08 

verifying memory with, 405 
Machine language programs 

from BASIC, 179, 415-16 
location in memory, 416 
putting in memory, 379-80 
registers and, 416 
relocating in memory, 416-17 
speaker driver, 378-79 
starting from Machine 

Language Monitor, 406 
Mailing-List Creation 

program 
description, 287-89 
DOS 3.3 changes for, 

289-90 
listing, 281-87 

Mailing-List Entry program 
description, 210, 217-22 
listing, 210-15 
variables, 216-17 
with 80-column screen, 222 

Mailing-List Entry With 
Mouse program 
description, 238-40 
listing, 229-35 
variables, 236-37 

Mailing-List Print program 
description, 290, 298-99 
listing, 291-98 

MAN command, 103, 468 
MAXFILES command, 269, 

328-29, 468 
Memory 

addressing, 178 
altering several locations, 

397 
altering single locations, 

396-97 
capacity, 5 
changing, 179 

checking alterations to, 397 
comparing blocks of, 404-05 
cursor position locations, 

541 
display screen control 

locations, 543-45 
error locations, 542 
examining blocks of, 394-95 
examining single locations, 

393-94 
examining words of, 394 
filling, 403-04 
game control locations, 

546-49 
inspecting, 178-79 
keyboard locations, 542 
location pointer, 393, 

396, 397 
moving, 402 
read-only, 5 
read/write, 5 
retrieving from disk, 401-02 
retrieving from tape, 400-01 
saving contents on disk, 

401 
saving on tape, 399-400 
speaker locations, 543 
text window locations, 

539-41 
two-location values, 179 
verifying with copy on tape 

or disk, 405 
vertical blanking interval 

location, 546 
Messages, error 

Applesoft, 513-16 
DOS 3.3, 521-22 
Integer BASIC, 516-18 
ProDOS, 518-20 

MID$ function, 502 
Mini-Assembler 

accessing, 409 
addressing modes, 410-11 
availability, 409 
command prompt, 409 
disassembly, 413-15 
features, 408-09 
instruction formats, 410-11 



leaving, 410 
location counter, 412 
Machine Language Monitor 

commands from, 409-10 
sample session, 412-14 
typing errors, 411 

Modems, 17-18 
MON command, 329, 468-69 
Monitor. See Display screen· 

Machine Language Moni~r 
Mouse, 19-20 

activating, 225 
button status, 227 
deactivating, 228-29 
keyboard status with, 227 
pointer, 225-26, 227-28 
position, 226-27 
programming, 222, 239 
reading, 226-27 

Mouse Drawing program, 223-24 
Mousetext characters 

activating, 199 
deactivating, 200 
demonstration program, 

200-03 
Music 

note lengths, 381-82 
notes, 381 
pitch numbers, 381 
playing, 382-86 
rests, 386 

Music Composer program 
description, 386, 388-89 
listing, 386-88 

N 
NEW command, 109, 469 
NEXT statement, 166-69,469-70 
NODSP command, 181, 470 
NOMON command, 329, 470 
NORMAL command, 471 
NOT, 144 
NOTRACE command, 181, 471 
Null command, ProDOS and 

DOS 3.3, 273 
Numbers 

commas in, 126 
integers, 127 
real, 126 

0 
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roundoff, 129 
scientific notation, 126 
significant digits, 129 

ON -GOSUB statement, 174, 
472-73 

ON -GOTO statement, 163-64, 
473 

ONERR GOTO statement, 274-
77, 471-72 
problems with, 276-77 

OPEN command, 268-69 
DOS 3.3, 474 
ProDOS, 473-74 
random-access files, 302-04 

OPEN APPLE key, 31 
Operating system. See also DOS 

3.3; ProDOS, 21 
loading, 34 
loading from Machine 

Language Monitor, 393 
prefix character, 184 

Operators 
arithmetic, 137, 139-41 
integer, 139-40 
logical, 143-44 
precedence of, 138, 145 
real, 141 
relational, 141-43 
string, 139 

OR, 143 
Output 

p 

columnar, 188-94 
concurrent display and print-

er, 242-43 
decimal-aligned, 192-94 
formatting screen, 186-94 
right justified, 191-92 
subroutines, built-in, 552 

Paddle, 19 
Parallel communications, 15 
Parallel Interface card, 7 

commands, 242-43, 244 
Pascal, starting up with, 27 
PDL function, 502-03 
PEEK function, 503 
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clicking the speaker with, 
375-76 

determining cursor position 
with, 196 

determining error line with, 
275 

determining error number 
with, 275 

useful locations, 539-49 
Pie Chart program 

description, 354-56 
listing, 355 

Pixel, 344 
PLOT statement, 335, 475 
Plotting vectors 

codes for, 360, 362 
coding by hand, 360-63 
coding by program, 357-60 
defining shapes with, 357 
zero, 362 

POKE Shape Table program, 
371-72 

POKE statement, 476 
clearing graphics screen with, 

333-34 
clearing keyboard with, 

228-29 
eliminating text window with, 

333 
printer spacing with, 246 
restoring text window with, 

333 
shape table storing with, 366 
spacing with, 195-96 
useful locations, 539-49 

Polygons, drawing, 350 
POP statement, 172-73, 476 
POS function, 196, 503 
POSITION command, 279-80 

DOS 3.3, 477 
ProDOS, 476-77 
random-access files, 304 

PR# command, 184, 478-79 
activating so-column adapter 

with, 86-87 
activating mouse with, 225 
activating printer with, 241-42 
deactivating mouse with, 228 

PREFIX command, 113, 477-78 
Prefix, ProDOS, 48-49, 57, 113, 

117-18 
PRINT statement, 88-91, 479-80 

abbreviated, 91 
carriage return, 186-88 
commas in, 188-90 
debugging with, 180 
semicolons in, 90-91 
variables in, 151-52 
writing data files with, 270-71 

Printed Mailing-List program 
description, 247, 255, 257 
listing, 249-54 
variables, 255-56 

Printers, 15-17 
accessory card commands, 

242-43 
activating, 241-42 
buffers, 15-16 
command characters, 257-63 
controls, 41-42 
deactivating, 244 
formatted output, 245-46 
Machine Language Monitor 

and, 407 
page length command, 260, 

263 
paging, 246-47 
paper, 42 
programming output, 244-57 
spoolers, 15-16 
status lamps, 41-42 
troubleshooting, 242 
using, 40-43 

ProDOS. See also Disks; Files; 
individual command names 
BASIC disk, creating, 85 
closing data files, 269-70 
commands, 426-97 
converting to DOS 3.3, 63-67 
directories, 46-47 
file buffers, 269, 316-17 
files, 46 
immediate mode restrictions, 

422 
loading from Machine 

Language Monitor, 393 



names, 48 
paths, 48 
prefix, 48-49, 113 
setting time and date, 67 
starting up with, 27 

ProDOS Filer. See Filer Menu 
Program lines 

adding, 105 
changing, 103-04 
deleting, 104-05 
editing, 420-21 
multiple-statement, 101, 525 
renumbering, 106-09, 421 
replacing, 104 

Programmed mode, 98 
Applesoft restrictions, 422 
Integer BASIC restrictions, 

422 
Programming languages, 81-83 

syntax, 81-82 
Programs 

branching in, 161-65 
clearing, 109 
comments in, 101-02, 525 
compact, 524-25 
conditional execution in, 

174-76 
debugging, 179-81 
editing, 103-09 
executing, 100-01 
faster, 523-24 
greeting, 121 
halting, 176-78 
intercepting errors in, 274-77 
line numbering, automatic, 

102-03 
listing, 98-100 
listing, printed, 243-44 
loading DOS 3.3, 118-19 
loading ProDOS, 113 
loops in, 166-69 
machine language from 

BASIC, 179 
merging with EXEC 

command, 301-02 
multiple-statement lines, 101 
names, 34-35 
optimizing, 523-25 
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remarks, 101-02 
resuming, 176 
running, 100-01 
saving DOS 3.3, 118 
saving ProDOS, 112 
starting BASIC, 35, 39-40, 

113-14 
starting DOS 3.3, 119 
starting from cassette, 33-37 
starting from disk, 33-37 
starting from Machine Lan-

guage Monitor, 406 
starting machine language, 36 
subroutines in, 169-74 
using, 28-33 

Prompt, command 
Applesoft, 34 
BASIC, 33-34 
INPUT statement, 154-55 
Integer BASIC, 34 
Machine Language Monitor, 

34 
Mini-Assembler, 409 

Prompt messages, 205 

Q 
Quotation marks, 32, 88, 125-26 

R 
Radians, 351 
RAM,5 
Random Colors program, 337-38 
Random Squares program, 

371-72 
Random-access files 

advantages, 266 
byte number, 304 
closing, 304 
end of, 305 
opening, 302-04 
organization of, 302 
reading, 304-05 
record length, 302-04 
record numbe~ 304 
writing, 304-05 

Random-access Mailing-List 
program 
description, 314-16 
DOS 3.3 changes for, 316 
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features of, 305-06 
listing, 306-14 

Random-access memory, 5 
Random-access Print program 

description, 317 
listing, 317-24 

Rays, drawing, 351 
READ command 

Applesoft, 148-49, 481 
byte number option, 299-300 
DOS 3.3, 480-81 
field number option, 280 
ProDOS, 480 
random-access files, 304-05 
sequential-access files, 273-74 

Read-only memory, 5 
Read/write memory, 5 
RECALL command, 482 
Records, 266 

length, 302-04 
Recursion, 174 
Registers, microprocessor 

altering, 398-99 
examining, 395-96 

REM statement, 101-02, 483, 525 
branching to, 162 
in IF-THEN statements, 176 

RENAME command 
DOS 3.3, 121, 484 
ProDOS, 116, 483 

RENUMBER program, 106-09 
commands, 421 
options, 108 

REPT key, 30 
Reserved words, 133-34, 510-11 

Applesoft tokens for, 538 
RESET key, 31, 176-77 

accidentally pressing, 43-44 
restarting with, 28 

RESTORE statement 
Applesoft, 149-50, 485 
ProDOS, 484 

RESUME statement, 485 
RETURN key, 31 

terminating commands with, 
86 

terminating entries with, 32 
RETURN statement, 171-72,485 

RF modulator, 8-9, 24 
RGB monitor, 10 
RIGHT$ function, 503 
Right-arrow key, 31 

cursor movement with, 92-93 
recopying characters with, 

94-95 
RND function, 504 
ROM, 5 
Rosette program, 372-74 
ROT= statement, 370, 486 
RUN command 

s 

BASIC, 35, 100-01, 487-88 
DOS 3.3, 119, 487 
ProDOS, 113-14, 486-87 
smart, 328 

Sample Type-Style Print 
program, 261-62 

SAVE command 
cassette, 123, 489 
DOS 3.3, 118, 488-89 
ProDOS, 112, 488 

SCALE= statement, 368, 489-90 
Scientific notation, 128 
Screen display. See Display 

screen 
SCRN function, 338, 504-05 
Semicolon, 90-91 
Sequential-access files 

appending to, 278-79 
controlling Apple II with, 

300-02 
reading, 273-74 
skipping fields in, 279-80 
writing to, 270-73 

Serial card. See Super Serial 
Card 

Serial communications, 15 
SGN function, 505 
Shape Coding program 

description, 357, 359-60 
listing, 358 

Shape table. See also Plotting 
vectors 
adding shapes to, 365 
byte contents, 361 



demonstration programs, 
371-74 

directory, 363-65 
end of, 362 
memory address of, 366-67 
organization, 363-65 
retrieving from disk, 367 
saving on disk, 367 
storing in memory, 366-67 

Shapes, high-resolution. See also 
Plotting vectors; Shape table 
coding by hand, 360-63 
coding by program, 357-60 
defining, 356-57 
drawing, 368-69 
erasing, 369, 370 
rotation, 370 
size, 368 
steps for using, 356 

SHIFT key, 30, 32-33 
SHLOAD command, 490 
SIN function, 505 
Slots 

conventional uses, 7 
numbering, 7 
reviewing assignments, 67 
specifying, DOS 3.3, 122 
specifying, ProDOS, 117-18 

Software. See Programs, 20-21 
SOLID APPLE key, 32, 177 
Sound. See also Music 

beep, 375 
length, 376-77, 379 
machine language driver, 

377-80 
pitch, 376, 377, 379 

SPC function, 505-06 
with printer, 245-46 

Speaker, 543 
SPEED= statement, 198, 490 
SQR function, 506 
Start-up disk, 24-25 
STARTUP program, 45 

choosing a menu option, 50 
CONVERT Menu, 63-67 
ESC to previous menu, 50 
general instructions, 49-52 
help, on-screen, 52 
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quitting, 68 
setting time and date, 67 
starting, 49 
typing entries, 51-52 

Statement summary. See 
Command summary; specific 
statement name 

STOP statement, 177, 490-91 
STORE command 

cassette, 491 
ProDOS, 491 

STR$ function, 506 
Strings 

characters allowed, 125 
comparing, 142-43 
concatenation, Applesoft, 139 
concatenation, Integer BASIC, 

157-58 
null, 125 
substrings, 156-57 

Subdirectories. See also 
Directories, ProDOS, 46-47 

Subroutines, 169-74 
built-in, 551-59 
GOTO statements and, 170-71 
location in program, 524 
nested, 173-74 
recursive, 174 
returning from, 171-73 

Super Serial card, 7 
commands, 242-43, 244 

System Master Disk, DOS 3.3, 71 

T 
TAB function, 190, 506-07 

display screen, 190 
printer, 240 
with printer, 245 

TAB key, 30 
TAB statement, 195-96, 492 
Tabs, comma, 188-90 
TAN function, 507 
Tape recorder. See Cassette 

recorder 
Telecommuntications, 17-18 
Television. See also Display 

screen, 8-9 
switching on, 24 
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Temperature conversion programs 
displayed output, 189-94 
printed output, 245-46 

TEXT command, 334, 492 
Text window 

dimensions of, 539-41 
eliminating in graphics mode, 

333-34 
high-resolution graphics and, 

345 
low-resolution graphics and, 

332 
restoring in graphics mode, 

334 
subroutines, built-in, 553 

Time, setting ProDOS, 67 
TRACE command, 180-81, 492-93 

ONERR GOTO problems, 
276-77 

Truth table, 144-45 
u 
UNLOCK command 

DOS 3.3, 121, 493 
ProDOS, 116, 493 

Up-arrow key, 31 
cursor movement with, 92-93 

Uppercase letters, 32 
BASIC commands, 86 

USR function, 417, 507-08 
v 
VAL function, 508 
Variables. See also Arrays, 129-34 

assigning values to, 146-47 
clearing, 149-50 
conserving, 525 

v 

displaying values of, 151-52 
dummy, 159-60 
inputting values for, 152-55 
instead of constants, 524 
integer, Applesoft, 131, 524 
location in program, 524 
loop index, 166 
numeric, Integer BASIC, 133 
real, Applesoft, 131, 524 
string, Applesoft, 130 
string, Integer BASIC, 132-33 

VERIFY command, 494 
Video monitor. See Display 

screen 
VLIN statement, 336-37, 494 
Volume Commands Menu. See 

also Disks, 57-61 
Volume directory, ProDOS, 46 
Volume. See Disk 
VTAB statement, 195-96, 495 

w 
WAIT statement, 177-78, 495 
WRITE command, 270-73 

byte number option, 299-300 
DOS 3.3, 496-97 
ProDOS, 496 
random-access files, 304-05 

Write-protecting 
cassettes, 13-15 
disks, 12 

X 
XDRAW statement, 369-70, 497 
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