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Table 7-23. High-resolution screen display information. 

Value of 
High-Order Display Byte Mask 

Applesoft Bit of Display Even Odd Column 
Color HCOLOR= Byte Byte Byte Restriction 

Blackl 0 0 $00 $00 None 
Green 1 0 $2A $55 Odd only 
Violet 2 0 $55 $2A Even only 
Whitel 3 0 $7F $7F None 
Black2 4 1 $80 $80 None 
Orange 5 1 $AA $D5 Odd only 
Blue 6 1 $D5 $AA Even only 
White2 7 1 $FF $FF None 

In summary, the standard high-resolution screen looks at each 
horizontally adjacent pair of bits to determine which of four colors 
is to be displayed: blackl (00), whitel {11), green (01), or violet 
(10), if bit 7 in the byte in which they are contained is off; or black2 
(00), white2 {11), orange (01), or blue (10), if bit 7 is on. 

It should now be clear that because of the column restrictions 
on colors other than black and white, the effective screen resolution 
is only 140 x 192 for color graphics even though it is possible to 
control the states of all 280 horizontal pixels individually. 

Animation with High-Resolution Graphics 

One of the primary reasons for including two high-resolution 
graphics pages on the lie was to allow you to generate high-quality 
animation effects. Animation is typically simulated on a computer 
by first drawing a shape, pausing, erasing the original shape, and 
then redrawing it at its new position. By repeating this procedure, 
the effect of motion is created. 

If this procedure is used in connection with one display screen 
only, then the problem of" flickering" can arise and the first shape 
will not appear to change smoothly into the next. This effect is 
observed because the screen is continually being "redrawn" by the 
electronic circuitry within the video display unit before the first 
shape has been completely erased and redrawn. If the shape is 
complex enough, a partially erased or partially redrawn shape will 
be displayed for discernible periods of time. 

One way of getting around this problem is to draw the next shape 
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in an animation sequence on the graphics page that is not being 
displayed and then, after it has been so drawn, to throw the switch 
that activates that page of graphics. Then, while that page is being 
displayed, the shape on the other page can be erased and reposi­
tioned, and then that page can be displayed again. The net effect 
is that all erasing and redrawing is done on the screen that is not 
being displayed and so flickering will be eliminated. If Applesoft 
graphics commands are being used, the page that is being written 
to can be controlled simply by adjusting the value of the byte 
located a1 $E6. To write to page 1, this byte must be set equal to 
$20; to write to page2, it must be set equal to $40. 

One problem with using the two pages of high-resolution graph­
ics in this way, however, is that another 8K of memory must be 
devoted for use by the display screen and is unavailable for use by 
the program. For larger programs, this can be a major limitation 
indeed. 

Fortunately, there is an alternative method that can be used to 
achieve flicker-free animation: moving a shape while the video 
display unit is not actually refreshing ~he screen. This method is 
available on the //e only and not on the earlier Apple II and Apple 
II Plus models. 

The video display unit is continually "refreshing" the screen by 
redrawing all the scan lines that define the display screen. It does 
this by moving an electron beam in a zig-zag motion across the 
display screen from top to bottom. After all of the video scan lines 
have regenerated in this way, there is a synchronization delay 
during which the electron beam is repositioned to the upper left­
hand corner of the screen awaiting the arrival of the next video 
frame. 

The delay between the end of one zig-zag scan and the beginning 
of the next one is called the vertical blanking interval, and during 
this time the screen display is not being altered in any way. Thus, 
if during this vertical blanking interval we could change the data 
bytes that define the screen display image in such a way as to cause 
the shape being animated to be erased and repositioned, there 
would be no discernible flickering. 

How do we tell when the video display unit is performing a 
vertical blanking operation? By examining another 1/0 memory 
location, that's how. This location is called VERTBLANK and is 
located at $C019. If the value read from this location is greater 
than 127, then the video display unit is performing a retrace; if it 
is less than 128, it is not. Table 7-24 summarizes how the VERT­
BLANK status location is used. 

Table 7-25 lists a short assembly-language program that can be 
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Table 7-24. Vertical blanking status location. 

Address 
Hex (Dec) Symbolic Name Meaning 

$C019 (49177) VERTBLANK If this location is >=$80, 
then the video display is 
performing a vertical blank­
ing operation. 

used to tell you how long the vertical blanking interval lasts in 
terms of 6502 machine cycles. If you load this program into mem­
ory and then enter CALL 768 to activate it, a number will be dis­
played that should be either 520 or 521. This number is equal to 
the number of 24 machine-cycle periods that occur during one 
vertical blanking interval. Thus, the vertical blanking interval is 
somewhere between 12 ,480 and 12 ,504 machine cycles. If you can 
erase and redraw your animated shape in less than this number 
of cycles, then you can achieve the goal of flicker-free animation. 

Just before you draw a shape to be animated using the vertical 
blanking technique, you should call a subroutine that looks some­
thing like this: 

WAITVBL LDA VERTBLANK 
BMI WAITVBL 

WAITVBL1 LDA VERTBLANK 
BPL WAITVBL1 
RTS 

;Wait for end of retrace 
; currently in progress 
;Wait for retrace to begin 

This subroutine will end at the beginning of the next vertical 
blanking interval and will allow you to maximize the time avail­
able to erase and redraw your animated shape. 

Double-Width High-Resolution Graphics 

The lie also supports an impressive double-width high-resolution 
graphics display mode if an extended 80-column text card has been 
installed in a lie with a Revision-B motherboard and the jumper 
plug on the text card has been installed. The extended 80-column 
text card contains the additional memory required to support the 
other "half" of the double-width graphics screen. As with the dou­
ble-width low-resolution graphics mode, however, neither Apple­
soft nor the system monitor contains any commands or subroutines 
that allow you to use this mode directly. Programs are available, 
however, that will allow you to take advantage of the power of this 



Table 7-25. VERTICAL BLANKING. A program to determine the time needed to perform a vertical 
blanking operation. 

Page #01 

: A S M 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0 
11 

0300: A9 00 12 
0302: 80 32 03 13 
0305: 80 33 03 14 
0308: AD 19 CO 15 
0308: 30 FB 16 

1 7 
0300: AD 19 CO 18 
0310: 10 FB 19 

20 

********************* 
* VERTICAL BLANKING * 
********************* 

VBLANK EQU $C019 

HEX DEC EQU $ED24 
CROUT EQU $FD8E 

DRG $300 

LOA #0 
STA TIMECNT 
STA TIMECNT+1 

ENDWAIT LOA VBLANK 
BMI ENDWA IT 

STRTWAIT LOA VBLANK 
BPL STRTWAIT 

;Vertical blanking signal 

;Hex-to-decimal conversion 
;Send a carriage return 

;Wait for end of retrace 
; currently in progress 

;Wait for retrace to begin 

N 
...... a 

D 
:J 
UI c: 
CD 
C"'t 
;:r 
CD 
)> 

"C 
"C 
m -m-



0312: EE 32 03 
0315: DO OS 
0317: EE 33 03 
031A: DO 04 
031C: EA 
031D: EA 
031E: EA 
031F: EA 
0320: AD 19 CO 
0323: 30 ED 

0325: AE 32 03 
0328: AD 33 03 
0328: 20 24 ED 
032E: 20 8E FD 
0331 : 60 

--End assembly--

52 bytes 

-Errors: 0 

21 * <Loop 
22 TIMEIT 
23 
24 
25 
26 TIMEIT1 
27 
28 
29 
30 TIMEIT2 
31 
32 
33 
34 
35 
36 
37 
38 
39 TIMECNT 
40 

time 
INC 
BNE 
INC 
BNE 
NOP 
NOP 
NOP 
NOP 
LDA 
BMI 

LDX 
LDA 
JSR 
JSR 
RTS 

DS 

is 24 microsec.): 
TIMECNT ;<Incremented during retrace) 
TIMEIT1 
TI MECNT+ 1 
TIMEIT2 

;Even out the loop time 

VBLANK 
TIMEIT ;Loop until retrace finished 

TIMECNT 
TIMECNT+1 
HEXDEC ;Display result in decimal 
CROUT ; Send a CR 

2 

~ 

(") 
=s­
OJ 

~ 
0 

" CD ..., 
OJ 
:::J 
a. 
G') 

~ 
"C =s-
cr 
0 
c 
" "C 
c 
" OJ 
:::J a. 
< a 
CD 
0 

0 
iii" 

"C 
a> 
'< 

s: 
0 a. 
CD 
en 

D 
N ..... ... 
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graphics mode; some of them are listed in the references at the 
end of this chapter. 

The double-width high-resolution graphics mode has a pixel res­
olution of 560 x 192, rather than the standard 280 x 192, and allows 
a total of sixteen colors! These colors are the same ones that can 
be displayed when using standard low-resolution graphics. 

Turning on Double-Width High-Resolution 
Graphics 

Assuming that you have installed the jumper on the extended 
80-column text card, it is relatively simple to activate the double­
width high-resolution graphics mode. The first step is to turn on 
page 1 of high-resolution graphics mode as you would normally. 
This can be done by executing the following sequence of instruc­
tions: 

STA $C050-TEXTOFF (enables graphics) 
STA $C057-HIRESON (high-resolution) 
STA $C053-MIXEDON (mixed graphics/text) 

The next step is to enable the double-width mode by setting the 
80COLON ($C00D) switch and then setting the SETAN3 ($C05E) 
switch to enable the double-width graphics circuitry. As mentioned 
earlier, SETAN3 turns on annunciator 3 on the //e's game UO con­
nector. You can set these switches by executing these two instruc­
tions: 

STA $C00D-80COLON (sets double-width switch) 
STA $C05E-SETAN3 (enables double-width graphics) 

You can also turn on the same series of switches from Applesoft 
by running the following program: 

100 PRINT CHR$C4>;"PR#3 11
: REM THIS SETS 80COLON 

200 HGR : REM THIS SETS HIGH-RES GRAPHICS SWITCHES 
300 POKE 49246,0: REM TURN ON AN3 

Once the double-width graphics screen has been activated, the 
next step is to draw something on it. This is easier said than done, 
however, because the Applesoft high-resolution graphics com­
mands work only with the standard 280-column screen. If you 
attempt to use them, you will see rather strange effects, since only 
the screen area in main memory will be used. For example, try 
entering the Applesoft commands 

HCDLOR=3 
HPLOT 0,0 TD 279,0 

If you were to do this for normal-width high-resolution graphics 
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you would see a horizontal white line drawn across the top of the 
screen. With double-width graphics enabled, however, the white 
line is "broken" at forty different positions. The data bytes for these 
positions are contained in auxiliary memory and are not dealt with 
by Applesoft. 

See the references at the end of this chapter for sources of pro­
grams that support double-width high-resolution graphics. 

Double-Width High-Resolution Graphics 
Screen Memory Mapping 

You will recall that when the lie is displaying double-width text 
(that is, 80 columns of text) or double-width low-resolution graph­
ics, it interleaves the video RAM bytes in main memory with those 
contained at the same addresses in auxiliary memory. Well, dou­
ble-width high-resolution graphics works in exactly the same way. 
The region of memory from $2000 ... $3FFF in main memory is 
interleaved with an BK block of memory having the same addresses 
on the extended 80-column text card in such a way that of the 80 
consecutive bytes used to define the contents of one line (recall 
that only 40 were required for standard high-resolution graphics), 
the even ones (0, 2, 4, ... ,78) are found in auxiliary memory and 
the odd ones in main memory. The mapping scheme used is sum­
marized in Table 7-22. 

Just as in standard high-resolution graphics mode, each of the 
80 bytes corresponds to seven consecutive pixels on the screen. The 
first pixel is controlled by bit 0, the next one by bit 1, and so on. 
Bit 7 is not used. 

The 80STORE switch enables you to select which of the two 
$2000 ... $3FFF blocks you want to read from or write to. By setting 
80STOREON (by writing to location $C001), the PAGE2 switches 
can be used to select either the SK block in main memory, by 
accessing PAGE20FF($C054),or the SK block in auxiliary memory, 
by accessing PAGE20N ($C055). As we have warned before, always 
ensure that interrupts are disabled before reading from or writing 
to auxiliary memory like this, and always access PAGE20FF ($C054) 
after you have finished doing so. This will prevent peripheral cards 
from gaining control when the screenholes in main memory are 
not available. 

Note that there is a second page of double-width high-resolution 
graphics that occupies a $4000 ... $SFFF in main and auxiliary 
memory. It can be selected by setting 80STOREOFF, 80COLON 
and PAGE20N. Use the RAMRD and RAMWRT switches to access 
the appropriate half of the secondary page (see Chapter 8). 
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Table 7-26. Bit patterns for the sixteen double-width high­
resolution graphics colors. 

Color 

Black 
Dark red 
Dark blue 
Purple 
Dark green 
Grayl 
Medium blue 
Light blue 
Brown 
Orange 
Gray2 
Pink 
Green 
Yellow 
Light green 
White 

Bit Pattern 

0000 
1000 
0100 
1100 
0010 
1010 
0110 
1110 
0001 
1001 
0101 
1101 
0011 
1011 
0111 
1111 

Table 7-27. Applesoft high-resolution graphics commands. 

Command 

HGR 

HGR2 

HCOLOR= 
ff PLOT 
DRAW 

XDRAW 

SH LOAD 
ROT= 
SCALE= 

Description 

Turns on page 1 of high-resolution graphics in 
mixed mode and clears the screen. 

Turns on page2 of high-resolution graphics in 
full-screen mode and clears the screen. 

Selects the high-resolution color number. 
Plots pixels and draws lines on the screen. 

Draws a shape on the screen in the color set by 
HCOLOR=. 

Draws a shape on the screen using the comple­
ment of the color already existing at each plotted 
point. 

Loads a shape table from cassette tape. 
Sets the rotation factor used when drawing shapes. 

Sets the scale factor used when drawing shapes. 
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Double-Width High-Resolution Graphics Colors 

When we discussed normal high-resolution graphics, we saw 
how the lie interprets two adjacent pixels as one of four colors. Not 
surprisingly, when double-width graphics are used, the /le inter­
prets four adjacent pixels as one of sixteen different colors (2A4= 16). 
The 4-bit pixel patterns that give rise to these colors are set out in 
Table 7-26. Since pixels are displayed on the video screen in the 
reverse order that they appear in the video RAM data bytes, these 
patterns must be reversed to obtain the corresponding bit patterns 
that must be stored in memory to generate them. 

Note that the high bit of each of the 80 bytes that is used to store 
information for each line of double-width graphics is not used at 
all-not even to affect the colors generated by the bits within that 
byte (as it is in normal high-resolution graphics). 

Built-In Support for High-Resolution Graphics 
Applesoft contains several commands that are used to control 

various aspects of the two standard high-resolution graphics screens. 
These commands are summarized in Table 7-27. 

The //e's system monitor does not support high-resolution graph­
ics at all. The Applesoft ROM itself does, however, contain several 

Table 7-28. Zero page locations used by the Applesoft 
high-resolution graphics subroutines. 

Address 
Hex (Dec) Symbolic Name Description 

$E0 (224) HHORIZ (low) Horizontal coordinate (0 ... 279). 
(high) 

$E2 (226) HVERT Vertical coordinate (0 ... 191). 

$E4 (228) HMASK High-resolution color mask. 

$E6 (230) HPAG High-resolution page designa-
tion. Set this byte to $20 for page 1 
and to $40 for page2. 

$E7 (231) SCALE Applesoft SCALE= factor for 
shapes. 

$F9 (249) ROT Applesoft ROT= factor for shapes. 
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built-in subroutines that can be used from an assembly-language 
program in order to draw points, lines, and shapes. These subrou­
tines are set out in Table 7-29 and the zero page locations that they 
use are set out in Table 7-28. 

Note that these commands and subroutines do not support dou­
ble-width high-resolution graphics at all. 

Table 7-29. Applesoft ROM high-resolution graphics 
subroutines. 

Address 
Hex (Dec) Symbolic Name Description 

$F3D8 (62424) HGR2 Tums on high-resolution page2 
(full-screen) and clears it to 
black. 

$F3E2 (62434) HGR Tums on high-resolution pagel 
(with 4 lines of text) and clears 
it to black. 

$F457 (62551) HPLOT Plots a colored dot at the po­
sition given by A (vertical), Y 
(horizontal high) and X (hori­
zontal low). 

$F53A (62778) HLIN Draws a line from the last 
plotted dot to the position given 
by Y (vertical), X (horizontal 
high), and A (horizontal low). 

$F601 (62977) DRAW Draws the shape whose data 
area is pointed to by Y (high) 
and X (low) using the rotation 
factor in A. The shape is drawn 
by inverting the existing screen 
bits that are used by the shape. 

$F65D (63069) XDRAW Same as DRAW except that 
when the shape is plotted, the 
existing screen bi ts and the 
shape bi ts are logically exclu­
sive-ORed with each other to 
determine the new value of the 
screen bit. 

$F6EC (63212) SETHCOL Sets the active code to the value 
of X (0 . . . 7). These are the 
eight colors defined by the Ap­
plesoft HCOLOR = command. 
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FURTHER READING FOR CHAPTER 7 

Standard reference works ... 
BfJ-Column Text Card Manual, Apple Computer, Inc., 1982. 
Extended BfJ-Column Text Card Supplement, Apple Computer, Inc., 

1982. 
On changing the output link ... 

G. Little, "Paged Printer Output for the Apple," Micro, October 
1980, pp. 47-48. This article demonstrates how to change the 
output link so that the format of printed output can be con­
trolled. 

On ProDOS and the output link ... 
C. Fretwell, "Setting 1/0 Hooks in ProDOS," Call -A.P.P.L.E., April 

1984, p.39 
On high-resolution graphics ... 

B. Bishop, "Apple II Hires Picture Compression," Micro, Novem­
ber 1979, p. 17. 

L. Spurlock, "Understanding Hi-Res Graphics," Call -A.P.P.L.E., 
January 1980, p.6. An analysis of the high-resolution mapping 
scheme. 

B. Bishop," Apple II Hi-Res Graphics: Resolving the Resolution 
Myth," Apple Orchard, Fall 1980, pp. 7-10. Discussion of the 
mapping of the high-resolution graphics screen. 

E.C. So, "Picture Compression," Call-A.P.P.L.E., May 1982, p. 21. 
R.T. Simoni, Jr., "A New Shape Subroutine for the Apple," Byte, 

August 1983, pp. 292-309. A new method for drawing high­
resolution shapes that leads to flicker-free animation. 

On double-width graphics ... 
R. Moore, "80-Column lie Low-Res Graphics," Call -A.P.P.L.E., 

July 1983, pp. 9-13. A set of subroutines supporting double­
width low-resolution graphics is presented in this article. 

D. Worth, "Hi-Res Double Play," Softalk, July 1983, pp. 120-126. 
A description of the //e's double-width high-resolution graph­
ics. 

P. Baum and L. Roddenberry, "Applesoft Brushes for Double Hi­
Rcs Art," Softalk, September 1983, pp. 82-99. Programs are 
presented which support double-width high-resolution graph­
ics. 

A. Watson III, "True Sixteen-Color Hi-Res," Apple Orchard, Jan­
uary 1984, pp. 26-46. An excellent discussion of the theory of 
double-width high-resolution graphics. A set of assembly lan­
guage driver programs are also presented which can be called 
from Applesoft. 
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Extended 8fiJ-Column Text Card Supplement, Apple Computer, Inc., 
1982. 

R.R. Devine, "Double Hi-Res Graphics I," Nibble, May 1984, pp. 
81-96. Another detailed discussion of the double-width display 
mode. 

On hardware for alternate output devices ... 
S. Ciarcia, "High-Resolution Sprite-Oriented Color Graphics," 

Byte, August 1982, pp. 57-80. This article describes how to use 
sprite graphics on an Apple II. 

R. Dahlby, "Polish Your Apple With a Luminance Board," Com­
puters & Electronics, November 1982, pp. 42-52. This article 
presents construction details for a special video board for the 
Apple IL 

On video display theory ... 
J. Hockenhull, "Video Interfacing," Call -A.P.P.L.E., June 1982, 

pp. 9-13. A good discussion of the theory of video display tech­
nology. 

J. Mazur, "Hardtalk," Softalk, April 1983, pp. 215-225. A tech­
nical analysis of the Apple II video display system. 

J. Mazur, "Hardtalk," Softalk, May 1983, pp. 91-98. A technical 
analysis of the Apple II video display system. 

R.H. Sturges, Jr., "Double the Apple II's Color Choices," Byte, 
November 1983, pp. 449-463. A good explanation of how the 
Apple II generates colored images. 



8 
Memory Management 

As we saw in Chapter 2, the 6502 microprocessor that controls 
the lie is capable of addressing only 65536 (64K) different logical 
memory locations. These locations have addresses that range from 
$0000 to $FFFF. A standard lie, however, contains much more built­
in internal physical memory locations than this and even more 
can be added. 

A detailed memory map of the lie was presented at the end of 
Chapter 2. In summary, the memory that is internal to a "stand­
ard" lie is as follows: 

• 64K of RAM memory on the motherboard 
• 10K of ROM memory for Applesoft 
• 2K of ROM memory for the standard system monitor 
• 0.25K of 1/0 memory. 
• 3.75K of ROM memory that contains extensions to the standard 

system monitor, self-test subroutines, and 80-column support 
subroutines 

To this memory can be added an additional lK if the standard 
80-column text card is being used or 64K if the extended 80-column · 
text card is being used. 

Finally, each peripheral card that is interfaced to the lie typically 
adds another 2.25K of memory to the system (although some spe­
cial memory cards can add much more than this). See Chapter 11 
for a discussion of the memory used by peripheral cards. 

Assuming that all the peripheral slots are being used and that 
each peripheral card uses 2.25K of memory, a ''fully loaded" Apple 
lie system with an extended 80-column text card contains a total 
of 159.75K of memory! 

But hold on, we just said that the //e's 6502 microprocessor is 
capable of addressing only 64K locations. How is all that extra 
memory accessed? To answer this, you must first realize that you 
can install as much memory in the lie as you want, as long as you 

279 
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can provide a way to ensure that there will never be more than 
64K physical memory locations active at the same time and that 
no two active memory locations will be associated with the same 
address. Several soft switches are available on the lie that allow 
you to easily select which one of those duplicated memory areas 
is· to be active. The technique used to select memory in this way 
is called "bank-switching." 

In this chapter, we will be looking at the soft switches that the 
lie uses to control usage of its duplicated ROM and RAM areas, 
and we will show how they can be used to take advantage of all 
of the memory available on the //e. 

BANK-SWITCHED ROM AREAS 

The lie contains an internal ROM space that is mapped to ad­
dresses $C 100 ... $CFFF. These same addresses are used by mem­
ory that is installed on peripheral cards plugged into one of the 
//e's seven standard expansion slots (see Chapter 11). A memory 
map of these alternate ROM areas is showp in Figure 8-1. 

There are several soft switches that can be used to select which 
of these different ROM areas is to be active at any given time. 
These switches, and their corresponding status locations, are sum­
marized in Table 8-1. In the next two sections, we will explain in 
detail how to use these switches. 

The INTCXROM Switches: Switching the 
$C100 ... $CFFF Memory Space 

The seven 256-byte pages of memory from $C 100 to $C7FF on 
the //e are normally reserved for use by memory contained on 
peripheral cards that are connected to expansion slots 1 through 
7, respectively (see Chapter 11). The memory associated with these 
addresses is usually contained in ROMs located on the interface 
cards themselves. For example, a typical printer card that is con­
nected to slot 1 will contain a ROM chip that occupies the area of 
memory from $C 100 ... $C 1 FF. 

Each card that is connected to an expansion slot can also make 
use of a 2K memory space from $C800 ... $CFFF to hold programs 
or data. This is called the peripheral-card expansion ROM space 
and the memory needed to support it is also contained on the 
peripheral card itself. Before a card can use its own expansion 
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$CFFF 

$C800 
$C700 
$C600 
$C500 
$C400 
$C300 
$C200 
$C100 

PERIPHERAL-CARD 
EXPANSION ROM 

SLOT 7 PERIPHERAL ROM 
SLOT 6 PERIPHERAL ROM 
SLOT 5 PERIPHERAL ROM 
SLOT 4 PERIPHERAL ROM 
SLOT 3 PERIPHERAL ROM 
SLOT 2 PERIPHERAL ROM 
SLOT 1 PERIPHERAL ROM 

t 
PERIPHERAL-CARD ROM 

80-COLUMN FIRMWARE 
EXPANSION ROM 

SELF-TEST 
SUBROUTINES 

80-COLUMN FIRMWARE 
EXTENSION TO STANDARD 

SYSTEM MONITOR 

t 
INTERNAL ROM 

l • INTCXROMON ($C007) selects INTERNAL ROM from $CHUL.$CFFF 

• INTCXROMOFF ($C006) and SLOTC3ROMON ($C00B) together select 
PERIPHERAL-CARD ROM from $C100 ... $CFFF 

• INTCXROMOFF ($C006) and SLOTC3ROMOFF ($C0'1A) together select 
INTERNAL ROM from $C300 ... $C3FF and PERIPHERAL-CARD ROM 
from $C100 ... $C2FF and from $C490 ... $C7FF. The space from 
$C800 ... $CFFF in INTERNAL ROM is selected as soon as an address 
in page $C3 is accessed and remains selected until an address in 
page $C1, $C2, or $C4 ... $C7, or location $CFFF is accessed. 

Figure 8-1. Alternate ROM areas from SCUii . .. SCFFF. 

ROM, it must first turn off all expansion ROMs and then turn its 
own on; it can do this by first accessing memory location $CFFF 
and then any address within its 256-byte ROM space. This pro­
cedure must be followed to ensure that only the one expansion 
ROM space on the card being used is active. 

The //e also contains built-in ROM memory that shares the same 
addresses used by memory residing on the peripheral cards: $C100 
... $CFFF. This ROM contains extensions to the system monitor, 
self-test subroutines, and subroutines that support the 80-column 
text display and is usually referred to as the //e's "internal ROM" 
to distinguish it from peripheral-card ROM. 

The INTCXROM switches are used to control whether the in­
ternal ROM area from $C100 ... $CFFF is to be selected for use or 
whether the ROMs on any peripheral cards installed are to be 
selected instead. If you write to INTCXROMOFF ($C006), the pe­
ripheral card ROM areas will be selected (subject to the state of 
the SLOTC3ROM switches that control the two spaces from $C300 
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Table 8-1. Bank-switched ROM soft switches and status 
locations. 

Address 
Hex (Dec) Symbolic Name Description 

$C006 (49158) INTCXROMOFF Select slot ROM from 
$C 100-$CFFF 

$C007 (49159) INTCXROMON Select internal ROM from 
$C100-$CFFF 

$C015 (49173) INTCXROM Status: > = $80 is ON, 
<$80 is OFF 

$C00A (49162) SLOTC3ROMOFF Select internal ROM from 
$C300-$C3FF 

$C00B (49163) SLOTC3ROMON Select slot ROM from 
$C300-$C3FF 

$C017 (49175) SLOTC3ROM Status: >=$80 is ON, 
<$80 is OFF 

Note: The SLOTC3ROM switches have no effect if INTCXROM is ON . 

. . . $C3FF-see below). If you write to INTCXROMON ($C007), 
the internal ROM will be selected. INTCXROM ($C015) can be 
examined at any time to determine the status of the INTCXROM 
switch. If the number read from this location is greater than 127, 
then internal ROM is enabled; otherwise, peripheral-card ROM is 
enabled. 

If you want to call any of the subroutines that reside in internal 
ROM or if you simply want to disassemble them using the moni­
tor's "L" command, you must first enable internal ROM by setting 
the INTCXROMON switch. You can easily do this by entering the 
system monitor from Applesoft with a CALL -151 command, and 
then entering the command 

C007:0 

To deactivate internal ROM, enter the command 

C006:0 

When internal ROM is deactivated, the peripheral-card ROM 
will be enabled, allowing you to examine or use the ROMs residing 
on peripheral cards. 

The internal ROM from $C100 ... $CFFF is normally used only 
when performing standard input/output operations with routines 
contained in the system monitor that make use of subroutines 
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contained in the internal ROM. These routines automatically tum 
on INTCXROM just before calling the subroutines and usually tum 
it off right after the subroutine finishes. (INTCXROM will not be 
turned off if, for whatever reason, it was already on when the 
subroutine was called.) 

The SLOTC3ROM Switches : Switching the 
$C300 . . . $C3FF Memory Space 

When the INTCXROM switch is OFF, the SLOTC3ROM switches 
can be used to control which of two ROM areas is to occupy the 
memory space from $C300 ... $C3FF. There are two choices: the 
ROM that is contained on a peripheral card plugged into slot 3, 
or the internal ROM that contains subroutines that support the 
Apple 80-column text card. 

SLOTC3ROMON ($C00B) is used to turn on the peripheral-card 
ROM memory, and SLOTC3ROMOFF ($C00A) is used to select 
internal ROM instead. The status of the switch is contained at 
SLOTC3ROM ($C017). If the number read from this location is 
greater than 127, then the peripheral-card ROM is currently active; 
otherwise, the internal ROM is active. 

The default setting of the SLOTC3ROM switch (that is, its setting 
when the lie is first turned on or when it is reset) depends on 
whether an 80-column text card is installed in the auxiliary slot. 
If the auxiliary slot is being used, then SLOTC3ROM will initially 
by turned off so that the internal 80-column firmware will be avail­
able. If the auxiliary slot is vacant, however, SLOTC3ROM will 
initially be turned on and the ROM on a peripheral card in slot 3 
will be available. Thus, SLOTC3ROM automatically takes on the 
setting that is most appropriate in the circumstances. 

Since SLOTC3ROM is usually off when an 80-column text card 
is installed, internal ROM from $C300 ... $C3FF will be selected, 
and so the ROM on a peripheral-card installed in slot 3 will not 
be active. If, however, SLOTC3ROM is turned on by writing to 
SLOTC3ROMON ($C00B), then the peripheral-card ROM will be 
activated and a PR#3 command can be used to pass control to it 
instead of the firmware that supports the 80-column text card. 
Similarly, if no 80-column text card is installed, then even though 
SLOTC3ROM is initially on, the internal 80-column firmware can 
be activated by writing to SLOTC3ROMOFF ($C00A) and then en­
tering a PR#3 command. This allows you to enter the special 40-
column mode supported by the 80-column firmware even if the 80-
column text card is not installed. 
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1 BK BANK-SWITCHED RAM AREAS 

The lie comes with 64K of internal RAM memory built in to its 
motherboard. This memory, however, is not mapped to one con­
tiguous area of memory encompassing the entire 64K space that 
the 6502 is capable of addressing. The first 48K of this memory 
space corresponds to the contiguous block of memory from $0000 
... $BFFF but the remaining 16K of memory, which is called "bank­
switched RAM," corresponds to one BK region of memory from 
$E000 ... $FFFF and two 4K regions of memory from $0000 ... 
$DFFF. The addresses used by bank-switched RAM are exactly the 
same as those used by the internal Applesoft ROM and the standard 
system monitor ROM. A memory map of the alternate internal 
memory areas from $0000 ... $FFFF is shown in Figure 8-2. 

The 16K bank-switched RAM on the lie traces its roots to the 
earlier Apple II or Apple II Plus models. On those models, the 16K 
of bank-switched RAM was introduced to the system by inserting 
a special 16K memory expansion card into slot 0 of those systems 
(the lie does not have a slot 0). The original reason for adding this 
memory was to provide needed space for the extremely large Apple 
Pascal Operating System. The extra memory, however, can also be 
used for conventional data and program storage. In fact, ProDOS 
occupies much of bank-switched RAM. 

As usual, the lie reserves several 1/0 memory locations for use 
as soft switches to control whether bank-switched RAM or the 

$FFFF 

$F800 

(THERE ARE TWO 
$Ox BANKS 

$0000---+--­

INTERNAL 
BANK-SWITCHED 

RAM 

STANDARD 
SYSTEM MONITOR 

APPLESOFT 
INTERPRETER 

t 
INTERNAL ROM 

Figure 8-2. Alternate internal memory areas from $D888 ••• SFFFF. 
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corresponding internal ROM space is to be active. As we will see 
in the following section, we can even set these switches in such a 
way that the RAM area will be active for write operations at the 
same time that the corresponding ROM area is active for read 
operations, and vice versa. 

Using Bank-Switched RAM 

As we have seen, the 16K of bank-switched RAM on the //e's 
motherboard is made up of one BK area that is mapped to the 
addresses $E000 ... $FFFF and two different 4K areas that are 
mapped to the addresses $0000 ... $DFFF. These 4K areas are 
commonly referred to as "banks." 

Unfortunately, there are two schools of thought on how to refer 
to these two 4K memory banks: sometimes they are referred to as 
banks 0 and 1 and sometimes as banks l and 2. For our purposes, 
we will use the latter nomenclature. 

The sixteen 1/0 addresses in the range $C080 .... $C08F are used 
as soft switches to control the operation of the bank-switched RAM. 
Switches are available to select which of the two 4K banks is to 
be used, to enable the bank-switched RAM for reading, for writing, 
or for both reading and writing. Note that the bank-switched RAM 
does not have to be enabled for reading and writing at the same 
time. This means that you can be writing to the RAM area while 
running a program that uses subroutines in the ROM that occupies 
the same memory locations (that is, subroutines in Applesoft and 
the system monitor). 

To activate the particular mode of operation that is desired, it 
is necessary to select the appropriate soft switch address and then 
perform any kind of read operation at that address, for example, 
an LDA, LDY, LDX, or BIT instruction in assembly language or a 
PEEK from Applesoft. 

The addresses that are to be used to control the operation of 
bank-switched RAM are of the form $C08X, where X represents 
the four least-significant bits of the address. Figure 8-3 indicates 
the general function of each of these bits; only three of these bits 
are used. 

The functions of each of the three active bits are as follows: 

BANK-SELECT BIT Cbit 3J. This bit indicates which of the 
two $D000-$DFFF memory banks is to be used. If the bit is set to 
1, then bank 1 will be selected; if it is cleared to 0, then bank 2 
will be selected. 
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1/0 Address: $C08X 

X= 
BANK-
SELECT 

bit 3 

1=bank1 

0=bank 2 

UNUSED 

bit 2 

READ-
SELECT 

bit 1 

1 
0 
1 
0 

WRITE-
SELECT 

bit 0 

1 
1 
0 
0 

---... read RAM/write RAM 
----. read ROM/write RAM 
----. read ROM/write ROM 
-.. read RAM/write ROM 

Figure 8-3. Bank-switched RAM control bits. 

READ-SELECT BIT Cbit 11. This bit, in conjunction with the 
write-select bit, indicates the read status of bank-switched RAM. 
If the bit is set equal to the value of the write-select bit, then 
locations in bank-switched RAM will be read from when an address 
in the range $0000 ... $FFFF is specified; otherwise, the corre­
sponding locations in ROM will be used. 

WRITE-SELECT BIT Cbit rzn. This bit indicates the write sta­
tus of bank-switched RAM. If the bit is 1, and the 110 address is 
read twice in succession, then locations in bank-switched RAM will 
be writ ten to when an address in the range $0000 ... $FFFF is 
specified; otherwise, the corresponding locations in ROM will be 
used. 

There are eight different ways of turning on and off these three 
control bits, and each of the eight different addresses generated 
controls bank-switched RAM in a unique way. The function of each 
of the eight unique bank-switched RAM soft switches is summa­
rized in Table 8-2. 

Reading the Status of Bank-Switched RAM 
Soft Switches 

Any program that changes the soft switches that control the state 
of bank-switched RAM should properly restore them to their orig­
inal states when the program ends. (If it doesn't, the next program 
executed may not perform properly.) This can easily be done on 
the lie because there are two 1/0 status locations, called BSRBANK2 
($C011) and BSRREAORAM ($C012), that can be read to determine 
the current state of the bank-switched RAM switches. These two 
locations are summarized in Table 8-3. 



8 Memo~y Management [=:I 287 

Table 8-2. Bank-switched RAM soft switches. 

Active $Dx Write to 
Address Symbolic Name Bank Read From RAM? 

$C080 READBSR2 2 RAM No 
$C081 WRITEBSR2 2 ROM Yes* 
$C082 OFFBSR2 2 ROM No 
$C083 RDWRBSR2 2 RAM Yes* 
$C088 READBSRl 1 RAM No 
$C089 WRITEBSRl 1 ROM Yes* 
$C08A OFFBSRl 1 ROM No 
$C08B RDWRBSRl 1 RAM Yes* 

Note: Addresses $C084 ... $C087 and $C08C ... $C08F duplicate the func­
tions of addresses $C080 ... $C083 and $C088 ... $C08B, respec­
tively. 

* These locations must be read twice in succession to write-enable bank­
switched RAM. 

Table 8-3. Bank-switched RAM status locations. 

Address 
Hex (Dec) Symbolic Name 

$C011 (49169) BSRBANK2 

$C012 (49170) BSRREADRAM 

Description 

If this location is > = $80, 
then Bank2 of bank­
swi tched RAM has been se­
lected; if not, Bankl has 
been selected. 

If this location is > = $80, 
then bank-switched RAM 
has been read-enabled; if 
not, the corresponding 
ROM locations are ena­
bled. 

A program that saves the two bank-switched RAM status values 
and then uses them to restore the original state of bank-switched 
RAM would look something like this: 

LOA BSRBANK2 ;Save bank status 
STA BANKSAVE 
LOA BSRREAORAM ;Save read-enable status 
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SE TR OM 

SETBANK1 

SETROM1 

STA REAOSAVE 

<the program fiddles with 
bank-switched RAM here> 

LOA BANKS AVE ;Get bank 
BPL SETBANK1 ;Branch if 

status 
bank 1 

LOA BSRREAORAM ;Get r~ad-enable 
selected 
status 

BPL SE TR OM ;Branch if ROM selected 
LOA $C083 ;Read RAM, bank2 
LOA $C083 ; (write-enable> 
RTS 
LOA $C081 ;Read ROM, bank2 
LOA $C081 ; (write-enable> 
RTS 
LOA BSRREAORAM ;Get read-enable status 
BPL SETROM1 ;Branch if ROM selected 
LOA $C08B ;Read RAM, bank 1 
LOA $C08B ; (write-enable> 
RTS 
LOA $C089 ;Read ROM, bank 1 
LOA $C089 ; (write-enable) 
RTS 

Since there is no status location available for determining the 
write-enable status of bank-switched RAM, you always have to 
"guess" what it was. The best guess is that it was write-enabled 
because even if your guess is wrong, no program should be trying 
to write to bank-switched RAM without first write-enabling it any­
way. In keeping with this, those soft switches that write-enable 
bank-switched RAM were used in the above example (remember 
that they must be read twice in succession). 

Auxiliary Bank-Switched RAM 

If you have an extended 80-column text card installed in the 
lie, then another 16K bank-switched RAM area is available to the 
system. This time, however, the memory resides in auxiliary mem­
ory on the card itself and not in the //e's internal memory. 

The same soft switches that are used to control the bank-switched 
RAM area on the motherboard are used to control the bank-switched 
RAM area in auxiliary memory. Before you can read to or wri le 
from this part of auxiliary memory, however, you will also have 
to use another set of switches that control, among other things, 
which of the two bank-switched RAM areas is to be used. These 
switches are ALTZPOFF ($C008) and ALTZPON ($C009) and are 
described in Table 8-4. The status of the switch is held in ALTZP 
($C016). 
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Table 8-4. Auxiliary bank-switched RAM soft switches. 

Address 
Hex (Dec) Symbolic Name 

$C008 ( 49160) ALTZPOFF 

$C009 (49161) ALTZPON 

$C016 (49174) ALTZP 

Description 

Enable the main bank­
swi tched RAM + main zero 
page/stack 

Enable auxiliary bank­
switched RAM+ auxiliary 
zero page/stack 

States: >=$80 is ON, <$80 
is OFF 

The ALTZP switches are used not only to select which of the two 
bank-switched RAM areas is to be used, but also to select which 
of two 6502 zero pages ($0 ... $FF) and stacks ($100 ... $1 FF) are 
to be used. As you might expect, the lie keeps its "spare" zero page 
and stack in auxiliary memory and the "original" ones in main 
memory. This means that as soon as the ALTZPON switch is set, 
the main zero page and stack are disengaged and unless the pro­
gram that is running realizes this and adjusts for it, it might just 
end up in the twilight zone. 

To avoid such problems, the program must always set ALT­
ZPOFF as soon as it is finished dealing with auxiliary bank-switched 
RAM but after it has returned from all subroutines that it has called 
since it first set ALTZPON. The return addresses for these subrou­
tines are stored in the auxiliary stack and not the main stack and 
will be lost when the main stack is restored. For similar reasons, 
the program must never return from a subroutine that was called 
before ALTZPON was set until ALTZPOFF is restored. Further­
more, before setting ALTZPON, the program should move to a safe 
part of memory all zero page locations that it will be using while 
ALTZP is ON. Once ALTZP is ON, it can move them into the same 
locations in the auxiliary zero page. It should repeat this process 
when going in the other direction (that is, from ALTZPON to AL­
TZPOFF) so that no zero page information is lost. 

Using Bank-Switched RAM 

If you want to store information (programs or data) in bank­
switched RAM, then you must first write-enable the portion of 
bank-switched RAM that you want to write to, store the infor-
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mation at the desired locations in the $D000 ... $FFFF address 
space, and then write-protect bank-switched RAM. The program­
ming sequence to use to do this would be as follows: 

LDA $C081 ;Two accesses will write-enable 
LDA $C081 ; Bank-switched RAM (bank 2) 
<store information> 
LDA $C082 ;Write-protect and set ROM read 

To read information (programs or data) contained in bank­
switched RAM, or to execute programs that reside there, you must 
first enable bank-switched RAM for reading, read the information 
or execute the program, and then re-enable reading of the ROMs. 
The programming sequence would be as follows: 

LDA $C080 ;read-enable bank-switched RAM Cbank 2) 
(read information) 
LDA $C082 ;re-enable ROM read 

The latter method can be used to execute machine-language pro­
grams only. The reason that Applesoft programs cannot be made 
to execute while residing in bank-switched RAM is that the place 
where the program is stored and the Applesoft ROM area must be 
active at the same time and this just isn't possible because bank­
switched RAM and the Applesoft interpreter use the same ad­
dresses. 

Note that if you are running assembly-language programs that 
reside in bank-switched RAM, you must make absolutely sure that 
those programs do not use subroutines contained in the internal 
ROMs (that is, those contained in Applesoft or the system monitor). 
The reason is simple: as far as the lie is concerned, as soon as you 
read-enable bank-switched RAM, the lie doesn't think the ROMs 
exist and so the system will "hang" when it attempts to execute a 
ROM subroutine. If you really must use these ROM subroutines, 
you must first execute a JSR instruction to a location in normal 
RAM that contains code that first deselects bank-switched RAM 
for reading and selects the ROMs ($C082), calls the ROM subrou­
tine, and then read-enables bank-switched RAM ($C080) and exe­
cutes an RTS instruction to return to the program in bank-switched 
RAM. 

To avoid these software complexities, you could move the ROM 
code that you need to use into bank-switched RAM by write-ena­
bling bank-switched RAM and then performing a memory move 
from the ROMs to the same memory locations in bank-switched 
RAM. When this is done, the program can call the "pseudo-ROM" 
locations directly. For example, to move the system monitor to 
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CALL 
C081 

bank-switched RAM, you would execute the following commands, 
starting from Applesoft direct mode: 

-151 ;Enter the monitor 
;Two accesses will write-enable 

C081 
F800<F800.FFFFM 
C082 

; the RAMcard <Read ROM> 
;Move the monitor to the BSR 
;Write-protect and set ROM read 

3DOG ;Return to Applesoft 

By the way, you can easily customize the system monitor by first 
saving it to disk by entering the DOS command "BSAVE MONI­
TOR,A$F800,L$800" and then BLOADing it into normal RAM (say 
beginning at location $800), making the desired changes, and then 
moving the "new" monitor to bank-switched RAM using the method 
just described (except that the monitor move command will now 
be "F800<800.FFFM"). In a similar manner, you could even modify 
Applesoft to suit your requirements! 

You should bear in mind one more important consideration when 
using bank-switched RAM. Do not attempt to deselect bank-switched 
RAM for reading while running a program that is contained in 
bank-switched RAM. If you try to do this, the motherboard ROMs 
will immediately be enabled and your program, which is still ex­
ecuting at the same address in RAM, will suddenly enter limbo 
because its code has been "replaced" by the internal ROM code. 
Any deselection of bank-switched RAM must be done by a program 
segment that resides in "normal" RAM (from $0000 ... $BFFF). 

Bank-Switched RAM and ProDOS 

If you are using ProDOS, as opposed to DOS 3.3, then you should 
not try to use the main bank-switched RAM area for data or pro­
gram storage. The reason for this is simple: ProDOS uses this area 
of memory to hold its operating system subroutines. If you over­
write this area, you will almost certainly crash the system. 

AUXILIARY RAM MEMORY AREA 

"Auxiliary" memory is that memory contained on an 80-column 
text card that has been inserted into the //e's auxiliary connector. 
There are currently two such cards available for the lie, the stand­
ard 80-column text card and the extended 80-column text card. As 
we saw in Chapter 7, both of these cards contain a special 1 K area 
of memory that is needed to support the //e's special 80-column 
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text display. The extended 80-column text card, however, also con­
tains an additional 63K of memory; the entire 64K of RAM memory 
on the extended card is mapped to addresses in exactly the same 
way as main RAM memory. In the following sections, we will be 
describing in detail how to use the auxiliary memory on the ex­
tended 80-column text card. 

There are several soft switches that are used to control auxiliary 
memory. We have already discussed some of these in Chapter 7, 
when we looked at how to control the 80-column text display and 
double-width graphics displays. In addition, in the previous sec­
tion, we saw that the upper 16K of auxiliary memory is functionally 
identical to main memory's bank-switched RAM and can be se­
lected or deselected by making use of the AL TZPO N and AL TZPOFF 
switches. 

In this section, we will examine all the other soft switches that 
control auxiliary memory and elaborate further on the ones that 
have previously been discussed. 

Using Auxiliary Memory 

There are three main groups of switches that control the status 
of auxiliary memory. These are the ALTZP switches ("ALTernate 
Zero Page"), the RAMRD ("RAM ReaD") switches, and the RAMWRT 
("RAM WRiTe") switches; they are summarized in Table 8-5. 

The AL TZP Switch 

We briefly discussed ALTZP earlier in this chapter when we 
looked at the bank-switched RAM contained in auxiliary memory. 
The ALTZP switches control two blocks of memory that are du­
plicated in main and auxiliary memory. First, they are used to 
select whether the 6502 zero page and stack areas ($0000 ... $01FF) 
in main internal memory or in auxiliary memory are to be used. 
Second, they are used to select whether main-memory bank-switched 
RAM or auxiliary-memory bank-switched RAM is to be used. 

The ALTZPON ($C009) switch is used to select auxiliary memory 
and the ALTZPOFF ($C008) switch is used to select main memory. 
The current status of this switch can be determined by reading 
ALTZP ($C016); if the value read from this location is greater than 
127, then ALTZP is ON; otherwise it is OFF. Note that you must 
write to the ALTZPON and ALTZPOFF switches in order to use 
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Table 8-5. Auxiliary memory soft switch and status 
locations. 

Address 
Hex (Dec) Symbolic Name Description 

$C002 (49154) RAMRDOFF Read main memory 
from $200-$BFFF 

$C003 (49155) RAMRDON Read aux. memory from 
$200-$BFFF 

$C013 (49171) RAM RD Status: > = $80 is ON, 
<$80 is OFF 

$C004 (49156) RAMWRTOFF Write main memory 
from $200-$BFFF 

$C005 (49157) RAMWRTON Write aux. memory from 
$200-$BFFF 

$C014 (49172) RAMWRT Status: > = $80 is ON, 
<$80 is OFF 

$C008 (49160) ALTZPOFF Select main memory 
from $0-$1 FF and 
enable main 16K bank 
from $D000-$FFFF 

$C009 (49161) ALTZPON Select aux. memory 
from $0-$1 FF and 
enable aux. 16K bank 
from $D000-$FFFF 

$C016 (49174) ALTZP Status: > = $80 is ON, 
<$80 is OFF 

them. Figure 8-4 indicates which memory areas are switching 
whenever the ALTZP switches are written to. 

As was mentioned earlier, great care must be taken when using 
the ALTZP switches to ensure that vital zero page and stack in­
formation is not "lost." All 6502 operations that affect the stack 
(this includes PHA, PLA, PHP, PLP, JSR, and RTS instructions) use 
the stack that is currently selected by ALTZP, which is not nec­
essarily the stack in main memory. So, if ALTZP is on and infor­
mation is stored on the stack in auxiliary memory, don't expect it 
to be on the stack in main memory when ALTZP is turned off. 

Keep in mind that it is extremely important that the value of 
the 6502 stack pointer be saved before changing ALTZP and then 
restored when ALTZP is changed to its original state. If this is not 
done and the stack pointer is changed while in the other state, then 
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Figure 8-4. The effect of switching AL TZP. 

the program will become hopelessly confused and will crash. The 
following program segment will do the trick: 

;Put stack pointer in X 
STX SAVESP 
STA ALTZPON 

; and save it somewhere in memory. 
;Turn on ALTZP 

<execute instructions> . 
STA ALTZPOFF 
LDX SAVESP 
TXS 

;Turn off ALTZP 
;Get original stack pointer in X 
; and restore it. 

Any zero page locations that need to be used after ALTZP has 
been changed will have to be duplicated in the other portion of 
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memory before they can be properly used. To do this, it is necessary 
to move the contents of zero page into a part of memory that the 
ALTZP switches do not affect, say $200 ... $2FF, set the appro­
priate ALTZP switch, and then move this area of memory back 
down into the new zero page. This process should be repeated when 
setting AL TZP back to its original position. 

The RAMRD and RAMWRT Switches 

The RAMRD switches are used to control whether read opera­
tions are to use the memory locations from $200 ... $BFFF in main 
memory or the same locations in auxiliary memory. The RAMWRT 
switches control write operations for the same area of memory. 

If RAMRDON ($C003) or RAMWRTON ($C005) is selected, and 
the 80STOREOFF ($C000) switch is active, then the entire block 
of auxiliary memory from $200 ... $BFFF will be selected for read­
ing or writing, respectively. If RAMRDOFF ($C002) or RAM­
WRTOFF ($C004) is selected, then main memory will be selected 
for reading or writing, respectively, instead. The memory areas 
that are switched by RAMRD or RAMWRT in each of three different 
situations are summarized in Figure 8-5. 

The area of memory that is affected when the RAMRD and 
RAMWRT switches are used is slightly different if the switching 
occurs when 80STOREON ($C001) is active. As you will recall from 
Chapter 7, the 80STORE switches are used to define the effect of 
the //e's PAGE2 switches. If 80STORE is ON, then PAGE20N ($C055) 
and PAGE20FF ($C054) are used to select whether the text screen 
video RAM page ($400 ... $7FF) in auxiliary or main memory is 
to be selected. In addition, if HIRESON ($C057) is active, then the 
PAGE2 switches will also select whether the high-resolution graph­
ics screen video RAM page ($2000 ... $3FFF) in auxiliary or main 
memory is to be selected. The important point to note is that when­
ever 80STORE is ON, the PAGE2 switches take priority over the 
RAMRD and RAMWRT switches and so these latter two switches 
cannot be used to control which of the video RAM areas are active. 
The effe<Zt of switching PAGE2 with 80STOREON is summarized 
in Figure 8-6. 

Auxiliary Memory Support Subroutines 

The lie has two useful subroutines contained in its system mon­
itor ROM area that facilitate the use of auxiliary memory. These 
subroutines are called AUXMOVE ($C311) and XFER ($C314). 
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Figure 8-5. The effect of switching RAMWRT or RAMRD. 

AUXMOVE C$C311 )-Transferring data to 
and from auxiliary memory 

AUXMOVE is used to transfer blocks of data contained within 
the memory range $200 ... $BFFF from main memory to auxiliary 
memory or vice versa. Before using this subroutine, six locations 
in zero page must be set so that they hold the parameters of the 
block move. These are summarized in Figure 8-7. 

The beginning address of the block to be moved must be stored 
at locations AIL ($3C) and AIH ($30) and the ending address at 
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Figure 8-6. The effect of switching PAGE2. 

A2L ($3E) and A2H ($3F). Finally, the destination address must be 
stored at A4L ($42) and A4H ($43). As is usually the case on the 
lie, the low-order part of each address is stored in the first byte of 
each zero-page pair. 

The state of the 6502 carry flag is used to tell AUXMOVE the 
direction of the block move. If the carry flag is set, then the move 
will be performed from main memory to auxiliary memory. If it 
is clear, the move will take place in the opposite direction. The 
state of the carry flag can be set by using the 6502's CLC (clear 
carry) and SEC (set carry) instructions. There is no simple way, 
however, of setting these flags using Applesoft commands; the best 
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I Source Block 

t A1L/A1H 
. ($3C/$3D) 

I .. 
t A2L/A2H 
I ($3E/$3F) 

Destination Block 

t A4L/A4H 
($42/$43) 

Carry Flag Set (1) : Move from Main to Auxiliary memory 
Carry Flag Clear (0) : Move from Auxiliary to Main memory 

Figure 8-7. AUXMOVE 1$C311 J subroutine parameters. 

that can be done is to call a short machine-language subroutine 
that clears or sets the carry flag before calling AUXMOVE. 

The Applesoft program in Table 8-6 shows how you might trans­
fer an area of memory between main and auxiliary memory. It 
saves a main-memory high-resolution graphics screen to auxiliary 
memory and then brings it back again. 

The program first installs a short four-byte machine-language 
program beginning at location 768 ($300) by POKEing into mem­
ory those DATA statement values that appear in lines 120 and 130. 
These values define the following simple program: 

SEC 
JMP AUXMOVE 

The program then turns on high-resolution graphics and draws 
a diagonal line on it before setting up the parameters for the block 
move. In this case, the area of memory to be moved is $2000 ... 
$3FFF and it will be moved to the area beginning at $4000 in 
auxiliary memory. (You shouldn't try to move it to $2000 ... $3FFF 
in auxiliary memory because if the 80STORE switch is ON-and 
it will be if the 80-column firmware is being used-and high­
resolution graphics are being displayed, then the RAMRD and 
RAMWRT switches that AUXMOVE uses when performing the 
transfer will not affect this area of memory and no transfer will 
take place.) 

After the screen has been saved to auxiliary memory, you can 
press a key to clear the screen, and then press another key to restore 
the line that was drawn on the screen. The line is restored by simply 
moving the 8K of screen memory that was saved in auxiliary mem­
ory back into main memory and not simply by redrawing the line. 

To transfer a block of memory in the opposite direction, the first 
instruction in the four-byte machine-language subroutine must be 
changed from SEC to CLC. This is done in line 270 by POKEing 
24 into location 768. The number 24 is the value of the CLC in­
struction. 
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Table 8-6. AUXMOVE. A program to move data between 
main and auxiliary memory. 

0 REM 11 AUXMOVE 11 DEMO 
100 PRINT CHR$ C4>; 11 PR#3 11 

110 FOR I = 768 TD 771 : READ X: POKE 
I,X: NEXT 

120 DATA 56: REM 11 SEC 11 

130 DATA 76,17,195: REM 11 JMP $C3 
11 II 

140 HGR : HCOLOR= 3: HPLDT 10,10 
TO 150,150 

150 HOME : VTAB 22: PRINT TABC 
17>; 11 MAIN <---> AUXILIARY ME 
MORY TRANSFER DEMO" 

160 HTAB 2: VTAB 23 
170 PRINT "PRESS ANY KEY TO SAVE 

THE SCREEN IN AUXMEM: 11
;: GET 

A$ 
180 REM SET UP THE PARAMETERS OF 

THE MOVE: 
190 POKE 60 ,0: POKE 61 ,32: REM F 

ROM $2000 
200 POKE 62,255: POKE 63,63: REM 

THROUGH $3FFF 
210 POKE 66,0: POKE 67,64: REM T 

0 $4000 CALIX> 
220 CALL 768: REM PERFORM THE MO 

VE 
230 HTAB 2: VTAB 23: CALL - 958 
240 PRINT "PRESS ANY KEY TO CLEA 

R THE SCREEN: 11
;: GET A$: HGR 

250 HTAB 2: VTAB 23; CALL - 958 
260 PRINT "PRESS ANY KEY TD REST 

DRE THE SCREEN FROM AUXMEM: 
11

;: GET A$ 
270 POKE 768,24: REM PUT IN A 11 C 

LC" 
280 REM SET UP THE PARAMETERS OF 

THE MOVE: 
290 POKE 60,0: POKE 61 ,64: REM F 

ROM $4000 
300 POKE 62,255: POKE 63,95: REM 

THROUGH $5FFF 
310 POKE 66,0: POKE 67,32: REM T 

0 $2000 CMAIN> 
320 CALL 768: REM PERFORM THE MO 

VE 
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XFER C$C314J-Transferring control to a 
program from main or auxiliary memory 

XFER is used to transfer control to a program in either main or 
auxiliary memory and, at the same time, to select which stack and 
zero page is to be used when the new program takes over. This is 
done by setting up certain parameters and executing a JMP Uump) 
instruction to XFER at $C314. 

As with AUXMOVE, certain parameters and 6502 flags must be 
set up before XFER is called. These are summarized in Table 8-7. 
First of all, the address of the program that is going to take control 
must be placed at locations $3ED and $3EE (low-order byte first). 
Then, the carry flag must be adjusted to indicate the direction of 
transfer: it must be set (1) if control is being transferred from a 
program in main memory to a program in auxiliary memory and 
clear (0) if transferring control in the reverse direction. Finally, the 
6502 overflow flag must be adjusted to indicate which of the two 
zero pages and stacks the new program is to use: if it is set (1), 
then the auxiliary zero page and stack will be used and if it is clear 
(0), then the main zero page and stack will be used. 

The CLV (clear overflow) instruction can be used to clear the 
6502 overflow flag to zero. There is no similar command, however, 
that can be used to set the overflow flag to one. One method of 
forcing the overflow flag to one is to use the BIT instruction to test 
any memory location that holds a byte that has a "1" in bit 6. A 
convenient location to use is $FF58 because there is an RTS in­
struction located there and it has an opcode value of $60. 

Of course, before you transfer control to a program in the other 

Table 8-7. XFER ($C314) subroutine parameters. 

Parameter Description 

Transfer address $3ED/$3EE (low-order byte first). This contains 
the starting address of the program to which 
control is to be transferred. 

Carry flag Carry set (1) means "transfer from main to aux­
iliary memory." Carry clear (0) means" transfer 
from auxiliary to main memory." 

Overflow flag Overflow set (1) means "use auxiliary stack and 
zero page." Overflow clear (0) means "use main 
stack and zero page." 
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memory area, you had better make sure that the program has been 
loaded there. This is easily done for programs residing in main 
memory but is a bit more tricky for those residing in auxiliary 
memory. The easiest way to load a program into auxiliary memory 
is to use the AUXMOVE subroutine. 

Note that the same concerns that were raised about the stack 
and the stack pointer when discussing the ALTZP switches apply 
to the use of XFER. It is good practice to save the stack pointer 
immediately before jumping to XFER and then to restore it if and 
when a reverse transfer is made. In addition, if the two programs 
are both using the same stack, care must be taken to avoid over­
writing any information that the other program has left on the 
stack. This is most easily done by saving the whole stack when 
control is transferred and then restoring it just before returning to 
the calling program. Alternately, the two programs should each 
use a different stack; however, this cannot be done without using 
two zero pages as well and this may be inconvenient. 

Running Co-Resident Programs 

As we have seen, the 64K of RAM memory on the //e's extended 
80-column text card is virtually a mirror image of the 64K of RAM 
on the motherboard. Both of these memory spaces span exactly 
the same logical addresses, each has its own 6502 stack and zero 
page, and each has a 16K area of bank-switched RAM. One im­
portant area of difference, however, lies in the use of locations $400 
... $7FF. When in 40-column text mode, only these locations in 
main memory are used to define the video display; the same lo­
cations in auxiliary memory have no effect on the video display. 
When the 80-column display is active, locations $400 ... $7FF in 
main memory define the odd-numbered columns in the display 
while the same locations in auxiliary memory define the even­
numbered columns. 

The similarities between these two 64K spaces are great enough, 
however, that it is conceivable that different programs could be 
loaded into each space and then run independently of one another 
(well, almost independently of one another). After all, since each 
program can have its own stack and zero page, there is not a strong 
temptation for either program to interfere with the other's use of 
these important areas of memory. The video display will have to 
be shared, however, for the reasons just given. 



Table 8-8. CONCURRENT. A program to control two Applesoft programs in memory at the same 
time. 

Page #01 

: A S M 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0 
11 
1 2 
13 
14 
15 
16 
1 7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

************** 
* CONCURRENT * 
************** 

* <BRUN this program from disk> 

SP SAVE 
OLDCSW 

EQU $6 
EQU $7 

CSW EQU $36 

;Stack pointer save area 
;Initial value of CSW (aux, only> 

* Parameter locations for AUXMOVE: 
A1 EQU $3C 
A2 EQU $3E 
A4 EQU $42 

* Memory 
STORBOON 
RAMRDOFF 
RAMRDON 
RAMWRTOF 
RAMWRTON 

switches: 
EQU $C001 
EQU $C002 
EQU $C003 
EQU $C004 
EQU $COOS 

ALTZPOFF EQU 
ALTZPON EQU 
ALTZP EQU 

$COOS 
$C009 
$C016 

AUXMOVE EQU $C311 

;Don't switch $400 ... $7FF 
;Read main from $200 ... SBFFF 
;Read auxiliary from $200 ... $BFFF 
;Write main from $200 ... $BFFF 
;Write auxiliary from $200 ... $BFFF 

;Select main zero page+stack 
;Select auxiliary zero page+stack 
;ALTZP status: on if >=$80 

;AUX <--> MAIN move subroutine 

w a 
N 

D 
5" 
Ul 
Ci m 
rt 
:T 
m 
l> 

"'C 
"'C 
m -m-



0283: A9 00 
0285: 85 3C 
0287: 85 42 
0289: A9 03 
0288: 85 3D 
028D: 85 43 
028F: A9 4A 
02C1 : 85 3E 

Page #02 

02C3: A9 03 
02C5: 85 3F 
02C7: 38 
02C8: 20 11 C3 

02C8: SD 09 CO 

02CE: D8 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 
57 
58 

APPLSOFT EQU $E000-1 ;Cold start to Applesoft <less 1 > 

* Monitor initialization subroutines: 
INIT EQU $F82F 
HOME EQU $FC58 
SETNORM EQU $FE84 
SETVID EQU $FE93 
SETK8D EQU $FE89 

ORG $283 

* Copy SWITCH to auxiliary memory: 
LDA #<SWITCH 
STA A1 
STA A4 
LDA #>SWITCH 
STA A1+1 
STA A4+1 
LDA #<SWLAST 
STA A2 

LDA #>SWLAST 
STA A2+1 
SEC ;<Move to aux. mem) 
JSR AUX MOVE 

STA ALTZPON ;Select aux. zero page + stack 

* Initialize the monitor's auxiliary zero-page usage: 
CLD 

(continued) 

CD 

s: 
m 
3 
0 
~ 
s: 
Q) 
:::::J 
Q) 
cc 
m 
3 m 
:::::J 
C"t 

D 
w a 
w 
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Table 8-8. CONCURRENT. A program to control two Applesoft programs in memory at the same time 

a ,. 
(continued). D 
02CF: 20 S4 FE S9 JSR SETNORM ;Set normal video 5" 
0202: 20 2F FB 60 JSR !NIT ;Set full-screen text mode Ul 

02DS: 20 93 FE 61 JSR SETV ID ;Set for standard 40-column output a: 
CD 

020S: 20 S9 FE 62 JSR SETKBO ;Set for standard 40-column input C"'t 
::r 

0208: 20 SS FC 63 JSR HOME ;Clear the screen CD 

64 )> 
"C 

6S * Redefine output link to keep 80STDREON: "C 
rn 

02DE: AS 36 66 LOA CSW -SS 07 67 STA OLDCSW -02EO: CD 

02E2: AS 37 68 LOA CSW+1 
02E4: SS 08 69 STA OLDCSW+1 

70 
02E6: A9 44 71 LOA #<NEWOUT 
02E8: 8S 36 72 STA csw 
02EA: A9 03 73 LOA #>NEWOUT 
02EC: 8S 37 74 STA CSW+1 

7S 
76 * Initialize auxiliary memory stack: 

02EE: A9 DF 77 LOA #>APPLSOFT ;Set up a return to the cold 
02FO: 80 FF 01 78 STA $1FF ; start entry point for 
02F3: A9 FF 79 LOA #<APPLSOFT ; Applesoft the first time 
02FS: SD FE 01 80 STA $1FE ; you enter auxiliary memory 
02F8: A2 FD 81 LOX #$FD ;Set up initial stack pointer 
02FA: 86 06 82 STX SP SAVE ; and save it in aux. memory 

S3 
02FC: 80 08 co 84 STA ALTZPOFF ;Select main zero page + stack 

8S 
02FF: 60 86 RTS 

87 
88 * SWITCH is used to move between aux. and main: 

0300: SE 41 03 89 SWITCH STX XS AVE ;Save X, y 1 A, P, s 
0303: SC 42 03 90 STY YSAVE 



0306: SD 40 03 91 STA A SAVE 
0309: OS 92 PHP 
030A: GS 93 PLA 
0308: SD 43 03 94 STA PS AVE 
030E: BA 95 TSX 
030F: SG 06 96 STX SP SAVE 
0311 : SD 01 co 97 STA STORSOON ;Don't switch video RAM 
0314: AD 16 CO 9S LDA ALTZP ;Check ALTZP status 
0317: 30 18 99 BMI TOMA IN ;Go to main if in aux. 
0319: SD 09 CO 100 STA ALTZPON ;Turn on.aux. ZP+stack 

Page #03 

031C: SD 03 CO 1 01 STA RAMRDON ;Turn on aux. memory 
031F: SD 05 CO 102 STA RAMWRTON 
0322: AG 06 103 RESTORE LDX SP SAVE ;Restore all registers 
0324: 9A 104 TXS 
0325: AE 41 03 1 05 LDX XS AVE 
032S: AC 42 03 106 LDY YSAVE 
0328: AD 43 03 107 LDA PS AVE 
032E: 4S 10S PHA Ol 

032F: AD 40 03 1 09 LDA A SAVE s: 
0332: 2S 11 0 PLP Cl> 

3 
0333: 60 1 1 1 RTS 0 .., 
0334: SD 08 CO 112 TOMA IN STA ALTZPOFF ;Turn on main ZP+stack '< 

0337: SD 02 CO 11 3 STA RAMRDOFF ;Turn on main memory s: 
m 

033A: SD 04 CO 11 4 STA RAMWRTOF :::J 
m 

0330: 4C 22 03 11 5 JMP RESTORE cc 
Cl> 

116 3 
11 7 A SAVE DS 1 Cl> 

:J 

11 S XSAVE DS 1 ("T 

119 YSAVE OS 1 D 120 PS AVE DS 1 
121 w 

0 
(continued) UI 
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Table 8-8. CONCURRENT. A program to control two Applesoft programs in memory at the same time g 
(continued). 

0344: SD 01 CO 
0347: 6C 07 00 

--End assembly--

151 bytes 

Errors: 0 

122 
123 
124 
125 
126 
127 
128 
129 
130 
1 31 

* The following new input subroutine is really needed only 
* when Applesoft is first initialized. When Applesoft is 
* initialized, it writes to $COOO, thus turning SOSTOREOFF 
* and preventing the program in auxiliary memory from 
* using the 40-column viaeo RAM Cin main memory). 
NEWOUT STA STORSOON 

JMP COLDCSW> 

SWLAST EQU * 

D 
5" 
UJ 
Ci 
m 
("1' 
::T 
m 
)> 

"C 
"C m -m 
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The CONCURRENT program in Table 8-8 is a short assembly­
language program that allows you to run one of two Applesoft 
programs that can be loaded into memory at the same time, one 
in main memory and the other in auxiliary memory, and to easily 
switch between the two programs. It must be activated by using 
the BRUN command to load and execute it directly from diskette; 
you must be in standard 40-column mode before doing this. 

The first thing that CONCURRENT does is to copy its SWITCH 
and NEWOUT subroutines from main to auxiliary memory by us­
ing the AUXMOVE subroutine. The SWITCH subroutine is re­
sponsible for transferring control from main to auxiliary memory 
and vice versa, and so a copy of it must be stored in both these 
memory areas to ensure that it is always available. There is one 
other important reason for duplicating SWITCH in this way. Part 
way through the subroutine, the area of memory (main or auxil­
iary) that is currently active will be turned off and replaced by the 
other, thus causing the current copy of SWITCH to temporarily 
vanish. This would normally cause the system to hang because the 
instruction at the next address at which SWITCH resumes exe­
cuting after switching would no longer be available and the pro­
gram would behave unpredictably. If SWITCH is present at exactly 
the same locations in the other area of memory, however, then one 
copy will always be active and no problems will be encountered. 

After CONCURRENT has moved SWITCH to auxiliary memory, 
it enables the zero page and stack in auxiliary memory (ALTZPON) 
and then calls five system monitor initialization routines (SET­
NORM, INIT, SETVID, SETKBD, and HOME) that will cause the 
auxiliary zero page to be properly initialized so that system mon­
itor 1/0 subroutines will work properly. 

The next task that CONCURRENT performs is to redefine the 
standard character output subroutine by storing the address of the 
NEWOUT subroutine at the CSWL/CSWH ($36/$37) output link in 
auxiliary memory. The NEWOUT subroutine must be used to han­
dle output because of a complication that arises when Applesoft 
is first initialized in auxiliary memory. 

When Applesoft is first initialized, it determines how much RAM 
memory is installed in the lie by storing and reading numbers at 
the first location of each memory page (beginning with page $08) 
until it finds that the number read is not the same as the number 
stored. When such a discrepancy occurs, then a non-RAM location 
must have been reached. 

On the //e, the first non-RAM address written to will be $C000, 
which is the first address in the //e's 1/0 memory space. Unfortu­
nately, this has the side effect of turning off the 80STORE soft 
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switch that resides at that location. This means that if the RAMRD 
and RAMWRT switches are on (that is, auxiliary memory from 
$200 ... $3FF and $800 ... $BFFF is active), then the auxiliary 
memory space from $400 ... $7FF will be active as well. (Remem-
ber that this same space in main memory-which represents the 
video RAM for the 40-column text screen-will remain active if 
80STORE is on.) This auxiliary memory space has no effect on the 
40-column screen display, however, and so the screen display will 
not change when attempts are made to update it by calling the 
standard video subroutines (that only affect the currently active 
$400 ... $7FF space). 

If we could tum the 80STORE switch on before Applesoft tries 
to perform its first video operation after initialization (the dis­
playing of its"]" prompt symbol), then we could avoid the problem 
of having the "wrong" $400 ... $7FF space active. This is done by 
replacing the standard output subroutine with the nearly identical 
NEWOUT subroutine. In fact, the only difference is that NEWOUT 
first writes to 80STOREON ($C001) to ensure that the video RAM 
area from $400 ... $7FF in main memory will be active. 

Initialization of the Auxiliary Stack 
After the new output link address is set up in auxiliary memory, 

CONCURRENT initializes the auxiliary stack by placing the ad­
dress, less 1, of the cold start entry point to Applesoft ($E000) at 
the first two stack locations, $1FF and $1FE. The high-order part 
of this address is stored at $1FF and the low-order part at $1FE. 
After this has been done, the value $FD is stored at SPSAVE, a 
temporary storage location. The first time that auxiliary memory 
is enabled by calling SWITCH, the 6502 stack pointer register will 
be loaded from SPSAVE, meaning that when the RTS is executed 
at the end of the SWITCH subroutine, control will be returned to 
$E000, the Applesoft cold start entry point. The subroutine at $E000 
takes care of initializing Applesoft in auxiliary memory by setting 
up all its program and data pointers that are contained in zero 
page. 

The last thing that CONCURRENT does is re-enable zero page 
and the stack in main memory and then end. At this point the lie 
is configured in such a way as to allow you to easily switch between 
programs in main and auxiliary memory. 

Using CONCURRENT 
CONCURRENT is simple to use. Whenever you want to leave 

main memory and resume running the program in auxiliary mem-
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ory, or vice versa, you must activate the SWITCH subroutine by 
entering a CALL 768 command. This subroutine determines which 
bank of memory is active (by examining the status of the ALTZP 
switch) and then enables the other bank of memory from $0000 
... $BFFF (except for the $400 ... $7FF video RAM area) for reading 
and writing by adjusting the ALTZP, RAMRD, and RAMWR T 
switches accordingly. The $400 ... $7FF video RAM area in main 
memory is kept active by writing to 80STOREON ($C001) before 
accessing the RAMRD and RAMWRT switches. 

When the SWITCH subroutine ends it executes an RTS instruc­
tion that instructs the 6502 to return to the address (plus 1) that 
is stored on the top of the stack. Unless some tricky programming 
is being done, this address is that of the instruction immediately 
following the JSR instruction that called the subroutine. Such is 
not the case, however, when calling SWITCH because just before 
its RTS instruction is executed, the other stack is reactivated and 
its stack pointer is set equal to the value it had when SWITCH was 
last called. What this means is that as soon as SWITCH is called, 
the lie begins executing those instructions right after the CALL 768 
that activated the switch in the first place. 

To see a simple example of how CONCURRENT works, first 
install SWITCH by executing CONCURRENT. Then enter the fol­
lowing Applesoft program: 

100 IF PEEK C49152) = 155 THEN 
POKE 49168,0: CALL 768 

200 PRINT "MAIN MEMORY": GOTO 100 

and RUN it. This program doesn't do much but continuously print 
out "MAIN MEMORY" on the screen. However, the program is 
constantly monitoring the keyboard for an ESC character in line 
100. If ESC is pressed, then the keyboard strobe is cleared (POKE 
49168,0) and then SWITCH is called by executing a CALL 768 
command. 

When SWITCH is called for the first time, you will be put into 
Applesoft direct mode in auxiliary memory. While you are there 
for the first time, enter this program: 

100 IF PEEK C49152) = 155 THEN 
POKE 49168,0: CALL 768 

20 0 PR I NT "AUX I LI ARY MEMORY": GOTO 100 

This is the same as the previous program, except that it prints 
out "AUXILIARY MEMORY." Now type RUN to start this program 
and then press the ESC key. As soon as ESC is pressed, you will 
switch back to main memory and the program there will resume 
executing right where it left off and will start printing "MAIN 
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MEMORY." By pressing ESC again and again, you can see that 
you are indeed switching between the two programs! 

Limitations of CONCURRENT 

The major limitation of CONCURRENT is that the program run­
ning in auxiliary memory cannot use any DOS commands. Al­
though a copy of DOS could be transferred to auxiliary memory 
and used by the program running there, several problems could 
arise that would be difficult to solve in software. For example, 
special "lockout" flags would have to be used to prevent one pro­
gram from modifying a file until the other had finished using it. 
If this was not done, then the data in the file could easily become 
scrambled. Rather than complicate the CONCURRENT program 
and obscure its usefulness as an example of how to use main and 
auxiliary memory, no attempt has been made to allow the program 
in auxiliary memory to use DOS. 

Other problems arise because the two programs must share the 
same video screen. This means that information placed on the 
screen by one program could easily be overwritten by the other. 
One solution to this problem is to define nonoverlapping text win­
dows for each program by modifying the window parameters held 
in zero page (see Chapter 7). 

Since auxiliary memory is initialized by installing the standard 
40-column input and output subroutines (by calling SETVID and 
SETKBD), you should not enter auxiliary memory when 80-column 
mode is active. If you wish to use CONCURRENT with an 80-
column display, the "JSR SETVID" and "JSR SETKBD" instruc­
tions should be replaced by a "JSR $C300" instruction; the latter 
instruction takes care of installing the 1/0 subroutines that support 
the 80-column display. 

Finally, you should note that you must not write to 80STOREOFF 
($C000) while in auxiliary memory. If this is done, then the aux­
iliary memory space from $400 ... $7FF will become active and, 
as explained above, you will not be able to display anything on 
the video screen. 
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FURTHER READING FOR CHAPTER 8 

Standard reference works ... 
86-Column Text Card Manual, Apple Computer, Inc., 1982. 
Extended 86-Column Text Card Supplement, Apple Computer, Inc., 

1982. 
On uses for auxiliary memory ... 

D.C. Johnson, "Using Auxiliary Memory in the lie," Apple Assem­
bly Line, August 1983, pp. 2-12. Another program to switch 
between main and auxiliary memory. 

On uses for bank-switched RAM ... 
C. Bongers, "Loading DOS 3.3 on the Language Card," Call 

-A.P.P.L.E., July/Aug 1981, pp. 9-21. Putting DOS 3.3 in bank­
switched RAM frees up a lot more room for Applesoft. See 
follow-ups in Call -A.P.P.L.E., Nov/Dec 1981, pp. 81-85, and in 
"All About DOS," Call -A.P.P.L.E., 1983, pp. 5-17. 

D.W. Miller, Jr., "Painting the Ramcard," Call -A.P.P.L.E., April 
1983, p. 51. How to store high-resolution pictures in bank­
switched RAM. 

K. Manly and F. Manly, "RAM Disk," Nibble, Vol. 4, No. 8 (1983), 
pp. 25-37. How to use bank-switched RAM as a "fake" disk 
drive. 



9 
The Speaker and the 

Cassette Port 
In this chapter, we will examine two more built-in 1/0 devices 

that the lie supports: the speaker and the cassette port. 

The //e's speaker can be used to add the dimension of sound to 
programs. In many cases, this simply means that you will hear a 
short (but suitably aggravating) beep whenever you make an error. 
However, some programs, notably educational software and games, 
exercise the speaker in much more dramatic ways to generate com­
plex sound effects and recognizable musical patterns that tend to 
dramatically liven up these types of programs. We will look at the 
techniques used to generate music later in this chapter. 

With the advent of low-cost and reliable disk drives, the cassette 
port has probably become the least used built-in 1/0 device on the 
lie. This is because its prime function has always been to store 
programs or data on standard audio cassette tape and to read them 
back again into the computer, a chore that the disk drive performs 
much more conveniently, quickly, and reliably. Nevertheless, many 
users still use cassette tape for archival storage of information. In 
this chapter, we will describe a particularly interesting application 
involving the cassette port: the digitization of voice input. 

THE SPEAKER 

As was indicated above, the speaker on the lie serves several 
purposes, the most common of which is to emit a harsh "beeeep!!" 
whenever some kind of error occurs while entering or operating a 
program. This sound is generated by entering or printing the ASCII 
"bell" character (ASCII code 7). This can be done by pressing <CTRL­
G> on the keyboard or by printing CHR$(7) from Applesoft. With 
appropriate software, the speaker can also be used to generate 

313 
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music and sound effects and even to reproduce (though crudely) 
the human voice. 

The sounds that the speaker generates are caused by the in and 
out movement of the speaker cone; the frequency (also called the 
pitch) of a sound is the same as the frequency of the cone's move­
ment. The position of the cone is controlled by a voice coil and a 
permanent magnet located near the base of the cone. When this 
coil is turned on, the cone moves out and when it is turned off, the 
cone moves in. Thus, you can select the frequency of the tone to 
be emitted merely by switching this coil on and off at the desired 
frequency. 

There is one special 1/0 memory location reserved for the speaker 
that allows you to control it in this way. As indicated in Table 
9-1, this is SPEAKER ($C030). This is yet another soft switch lo­
cation; each time that it is read (using Applesoft's PEEK or an 
assembler's LDA) the state of the speaker changes from off to on 
(if it was last oft) or from on to off (if it was last on). 

Generating Musical Notes 

Let's take a close look at how you can use the lie to generate 
musical notes. First recognize that the sound wave generated by 
a single musical note is merely a smoothly varying sine wave, as 
shown in Figure 9-1 (a). Since, however, we can only turn the //e's 
speaker on or off (that is, we cannot smoothly vary the amplitude 
of its output), we can only generate square waves like the one shown 
in Figure 9-1 (b). It turns out, however, that for most frequencies, 
this square wave is an acceptable approximation of its sine wave 
equivalent and the sound that is generated is close to what you 
would normally expect to hear. 

Before a specific note can be generated, you will have to know 
its frequency (or "pitch"). Table 9-2 contains a list of two octaves 
of musical notes from Low "C" through Middle "C" to High "C", 

Table 9-1. Speaker 1/0 memory location. 

Address 
Hex (Dec) Symbolic Name Description 

$C030 (49200) SPEAKER Speaker output. Reading 
this location toggles the 
state of the speaker. 
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(a) Sine wave for pure tone. 

t 
Amplitude 

(b) Square wave approximation of pure tone. 

Amplitude 
1-----+-~~-+--~--+-~---+--~--+~~~--Time~ 

Figure 9-1. Sine waves and square waves. 

their frequencies on the standard Even-Tempered Scale in hertz 
(cycles/second), and their periods. The period is equal to the time 
it takes to finish one complete sinusoidal cycle and is equal to the 
red procal of the frequency. 

To generate the waveform for any note, the speaker must be 
turned on for one-half of its period and off for the other half. Given 
this information, the procedure to follow for generating a note is 
as follows: 

1. Turn the speaker on 
2. Wait one-half period 
3. Turn the speaker off 
4. Wait one-half period 
5. Return to step 1 

Since the status of the speaker toggles between on and off every 
time you access its soft switch at SPEAKER ($C030), you can sim­
plify this flowchart by removing steps 3 and 4. 

The above procedure must be repeated for the duration of the 
note; if you are playing a note from a piece of music, this duration 
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Table 9-2. Frequencies and periods of musical notes on 
the even-tempered scale. 

Note 

C (low "C") 
C# 
D 
D# 
E 
F 
F# 
G 
G# 
A 
A# 
B 
C (Middle "C") 
C# 
D 
D# 
E 
F 
F# 
G 
G# 
A (Concert "A") 
A# 
B 
C (High "C") 

*See text. 

Frequency (Hz) Period (µ.sec) HALFTIME* 

131 
139 
147 
156 
165 
175 
185 
196 
208 
220 
233 
247 
262 
277 
294 
311 
330 
349 
370 
392 
415 
440 
466 
494 
523 

7,634 
7,194 
6,803 
6,410 
6,061 
5,714 
5,405 
5,102 
4,808 
4,545 
4,292 
4,049 
3,817 
3,610 
3,401 
3,215 
3,030 
2,865 
2,703 
2,551 
2,410 
2,273 
2,146 
2,024 
1,912 

112 
106 
100 
94 
89 
84 
80 
75 
71 
67 
63 
60 
56 
53 
50 
47 
45 
42 
40 
38 
35 
33 
32 
30 
28 

will depend on the type of note that is being played (a whole note, 
half-note, quarter-note, and so on) and the tempo of the music. 

Table 9-3 shows the NOTE program, which is capable of using 
the //e's speaker to produce a note of a specified frequency and 
duration. This program toggles the speaker whenever the X reg­
ister, which at the beginning of every tone cycle contains a code 
number related to the period of the note, is reduced to zero by 
successive DEX instructions. The X register is reduced by one unit 
every 34*HALFTIME microseconds, where HALFTIME is this code 
number and 34 happens to be the length of an internal software 
delay loop that has been used. The code number is simply equal 
to the number of 34-microsecond loops that must be performed 
before one-half of the period of the note elapses. It can be calculated 
by dividing one-half of the period time (in microseconds) by 34. 
For example, the value of HALFTIME for an "A" note (440 Hz) 
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would be equal to 1136 (one-half its period in microseconds) di­
vided by 34, which is equal to 33. In this way, you can easily 
calculate the HALFfIME values for all the other riotes that you 
may wish to generate; they are listed in Table 9-2 for your con­
venience. 

NOTE also allows you to specify the duration of the note to be 
played by adjusting the LENGTH constant. A temporary value of 
LENGTH, called LTEMP, is decremented each time the program 
executes 255 of the aforementioned 34-microsecond loops, that is, 
once every 8670 microseconds. Thus, to play a note for one second 
{1,000,000 microseconds), LENGTH would be set equal to 1,000,000/ 
8670, or 115. 

The loop time in the NOTE program has been calculated by 
determining exactly how many 6502 machine cycles take place 
between successive reductions of the loop counters (that control 
the frequency and duration of the note) and multiplying that num­
ber by the period of the 6502 microprocessor's clock. Since the 
//e's clock is operating at about 1 MHz, it turns out that the loop 
time (in microseconds) is simply equal to the number of machine 
cycles needed to perform the instructions in the loop. To calculate 
the total number of machine cycles being performed in the loop, 
you must first determine what instructions are being executed in 
the loop and then add up their individual cycle times. The cycle 
times for each 6502 instruction are listed in Appendix II. Note that 
the number of cycles depends not only on the particular instruction 
being executed but also on the addressing mode that is being used 
by that instruction. 

It should be obvious by now that because of the meticulous tim­
ing loops that music programs require to produce precise fre­
quencies, it is really not possible to create quality music by directly 
accessing SPEAKER ($C030) using the Applesoft PEEK statement 
and FOR/NEXT loops. Applesoft delay times simply cannot be ad­
justed as finely as can assembler delay times and, even if they 
could be, they could actually change depending on the location of 
the loop in the program. So stick to assembly language if you want 
to create music. Applesoft programs can be used, however, to POKE 
frequency and duration information into an assembly-language 
program's data area and to CALL the assembly-language program. 
We will see how to do this next. 

Generating Music 

Now that we have written a program to generate one musical 
note, it will be almost trivial to develop a program that actually 



Table 9-3. NOTE. A program to play a musical note. 

Page #01 

: A S M 
1 ******** 
2 * NOTE * 
3 ******** 
4 
5 SPEAKER EQU $C030 
6 
7 ORG $300 
8 

0300: 21 9 HALFTIME DFB 33 
0301: 1 D 1 0 LENGTH DFB 29 

11 
0302: AO FF 12 NOTE LDY #255 
0304: AD 01 03 1 3 LDA LENGTH 
0307: SD 2F 03 1 4 STA LTEMP 
030A: AE 00 03 15 NOTE1 LDX HALFTIME 
030D: AD 30 CO 16 LDA SPEAKER 
0310: 4C 1A 03 17 JMP STALL1 
0313: EA 18 STALL NOP 
0314: EA 19 NOP 
0315: EA 20 NOP 
0316: EA 21 NOP 
0317: EA 22 NOP 
0318: EA 23 NOP 

;Speaker 1/0 location 

; = (1/frequency)/(2*34) 
;Duration in units of 34*255 usec 

;The program starts here 

;X contains the length of the note 
;Toggle the speaker 

;These NOPs compensate for 
; branches to NOTE1 from line 37 
;They ensure that the overall loop 

times are the same so that the 
; units of "length" don't vary 
; with the frequency 

w 
~ 
CD 

D 
:r 
(I) 

a: 
CD 
CT :::r 
CD 

l> 
"C 
"C ar 
::::::: 
CD 



0319: EA 24 
031A: 88 25 
0318: DO 07 26 
031D: CE 2F 03 27 
0320: FO OC 28 
0322: DO 05 29 
0324: EA 30 
0325: EA 31 
0326: EA 32 
0327: EA 33 
0328: EA 34 
0329: CA 35 
032A: DO E7 36 
032C: FO DC 37 
032E:·60 38 

39 
40 
41 

--End assembly--

48 bytes 

Errors: 0 

STALL1 

STALL2 

STALL3 

EX IT 

LTEMP 

NOP 
DEY 
BNE STALL2 
DEC L TEMP 
BEQ EX IT 
BNE STALL3 
NOP 
NOP 
NOP 
NOP 
NOP 
DEX 
BNE STALL 
BEQ NOTE1 
RTS 

DS 

;Loop time is 34 cycles 

;Reduce this every 34•255 cycles 

;These NOPs compensate even 
; out the loop time when the code 
; in lines 27-29 is not executed 

;Loop time is 34 cycles 

co 
-i 
;:r 
m 
en 
'C 
m 
QJ 
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m .., 
Q) 
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a. 
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""O 
0 
~ 

D 
w 
""" co 



320 [=:J Inside the Apple //e ------------------

plays a short tune. All we have to do is link single notes together 
in the orders, and for the durations, dictated by the sheet music 
for the tune. 

Consider the Applesoft SONG program in Table 9-4. This pro­
gram contains several DATA statements that contain the HALF­
TIME and LENGTH values needed by NOTE for each of the notes 
in the first part of the theme from the television series "M*A*S*H." 
The LENGTH values have been calculated by assuming that a 
whole note has a duration of one second; if this is the case, then 
LENGTH= 115, as explained earlier. To play the tune defined by 
the DATA statements, first ensure that the NOTE program has been 
saved to diskette and then enter the Applesoft RUN command. 
SONG plays the tune by executing an Applesoft FOR/NEXT loop 
that reads the HALFTIME and LENGTH values for a note, POKEs 
them into the NOTE program data area, and then CALLs the NOTE 
program to generate the tone. After all the notes have been played 
in this way, the program ends. 

You can easily play your own favorite song by translating its 
notes into HALFTIME and LENGTH values and placing these val­
ues into the DATA statements of the SONG program. The last pair 
of values in the DATA statements must be zeros so that SONG will 
know when all the notes have been read. 

You may well be wondering whether you can play chords of 
music, that is, more than one note at once, in order to improve the 
quality of the sound that is generated. The short answer is "yes, 
you can!" but the software required to do this is much more com­
plex. For example, to play two notes at once, you would have to 
intertwine two timing loops, one for each note, and you would have 
to ensure that the speaker was being toggled at the proper rate for 
each note. This is not an impossible feat to be sure, but it is left 
as an exercise for the more interested reader. 

THE CASSETTE PORT 

The cassette port is primarily used to store programs and data 
on cassette tape and to read this information back again. Exter­
nally, the port is made up of two miniature phone jacks, called the 
input and output jacks, that are located on the //e's back panel 
right next to the video connector. To connect up a cassette recorder 
to the lie, you need only acquire a pair of miniature phone plug 
cables and connect them between the input jack (marked with a 
picture of an arrow coming from a cassette tape) and the recorder's 
earphone jack and the output jack (marked with a picture of an 
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Table 9-4. PLA YTUNE. A program to play a song. 

lLIST 

0 REM 11 PLAYTUNE 11 

100 PRINT CHR$ C4);"BLOAD NOTE" 

110 READ HT: READ LN: REM READ 
HALFTIME AND LENGTH 

120 IF HT = 0 AND LN = 0 THEN 16 
0 

130 POKE 768,HT: POKE 769,LN 
140 CALL 770: REM PLAY THE TONE 
150 GOTO 110: REM AND GET NEXT N 

DTE 
160 END 
1000 REM NAME THAT TUNE!! 
1010 DATA 63,29,67,29,63,29,67,2 

9,63,29,67,29,75,58 
1020 DATA 67,29,75,29,67,29,75,2 

9,67,29,75,29,84,29,67,29,75 
,29,84,29,75,29,84,29 

1030 DATA 75,29,84,29,89,29,75,2 
9,84,29,89,29,84,29,89,29,84 
,29,75,29,67,58 

1040 DATA 67,58,56,29,50,29,56,2 
9,50,29,56,29,50,29,56,58,56 
,29 

1050 DATA 50,29,56,29,50,29,56,2 
9,50,29,56,58,56,29,67,29,56 
,29,50,29,42,29 

1060 DATA 38,29,42,29,50,29,56,2 
9 

1070 DATA 50,115,50,58,50,29,56, 
29,67,29,56,29,50,29,42,29 

1080 DATA 38,29,42,29,50,29,56,2 
9,50,115,50,58 

1090 DATA 0,0: REM END OF DATA 
MARKER 

arrow pointing toward a cassette tape) and the recorder's micro­
phone jack. 

The lie devotes two 110 memory locations for use by the cassette 
port; these locations allow you to control the signal that is sent to 
the output jack and to monitor the signal that is received through 
the input jack. These memory locations are described in Table 
9-5. 

The cassette output jack transmits audio voltage levels to a cas­
sette recorder that are compatible with the levels that the recorder 
would normally receive through a microphone. For this output to 
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Table 9-5. Cassette port 1/0 memory locations. 

Address 
Hex (Dec) Symbolic Name Description 

$C060 (49248) CASSIN 

$C020 (49184) CASSOUT 

Cassette input. The status 
of the cassette input port is 
contained in bit 7. 

Cassette output. Reading 
this location will toggle the 
state of the cassette output 
port. 

be saved to tape, all you have to do is put the recorder into record 
mode by simultaneously pressing its RECORD and PLAY buttons. 
Two discrete levels of output (high and low) can be generated by 
using a soft switch at CASSOUT ($C020). Whenever this location 
is read, the output level will toggle from high to low or from low 
to high, depending on its prior state. The timing of these transitions 
can easily be controlled by software, thus allowing you to generate 
audible frequencies and to store them on tape. This procedure 
should sound familiar: it's the same one used to generate sound 
on the //e's speaker (except that in that case, of course, the speaker's 
soft switch is read). 

The cassette input jack is designed to be compatible with the 
audio voltage levels sent by a cassette recorder to its earphone 
jack. When a miniature phone plug cable is connected between the 
cassette input jack and this earphone jack, the signal from the 
recorder can be interpreted and dealt with by the lie instead of 
your ear. This signal will typically fluctuate between a positive 
and negative voltage at a rate that is dictated by the sound being 
played. 

The status of the cassette input port can be determined by ex­
amining the status of bit 7 ofl/O memory location CASSIN ($C060). 
When this bit is "on" (1), the input voltage of the audio signal is 
positive; when it is "off" (0), the voltage is negative. When bit 7 
changes from 1 to 0 or from 0 to 1, the signal is said to have 
performed a ''zero-crossing.'' 

Since the lie can only detect signals that are either on or off, it 
is not possible to determine the amplitude of the audio input or 
its waveform. This is fine if you are simply reading binary data 
stored on the tape, because in such a case amplitude is largely 
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irrelevant (we're concerned only with whether the signal is on or 
off) and the waveform can be considered to be a square wave. If 
you are attempting to read anything else, however, such as voice 
data, then this important information will not be available to you. 
More on this later, when we examine how to digitize and play back 
a voice signal. 

DIGITIZING VOICE 
Now that we've covered the basics of the cassette port, let's 

embark on a seemingly complex (but actually straightforward) 
software project that makes use of both the cassette port and the 
speaker. What we want to be able to do is to play a voice recording 
into the cassette input port, sample the incoming waveform, and 
save it as a series of bits that represent whether the signal was on 
or off (a process called" digitization"), and then play the voice back 
through the //e's speaker by using these bits to reconstruct the audio 
waveform. 

As we have seen, all we can tell about a signal that appears at 
the cassette input jack is how long it is in the "on" state and how 
long it is in the "off" state. It turns out, however, that for our 
purposes, the square-wave defined by the pattern of on times and 
off times is an acceptable representation of the actual voice signal 
being monitored. There will be significant distortion, to be sure, 
but not enough to prevent us from understanding what is being 
said. 

A typical voice signal has a complex waveform that is quite 
unlike the perfect sine wave generated by a pure tone; it is made 
up of a combination of many, many sine waves. To be able to 
ultimately reconstruct such a signal, we will have to periodically 
sample the signal at a fixed rate and record the values that are 
detected. The sampling rate to be used will obviously be an im­
portant factor if the signal is to be reconstructed properly. For 
example, if the sampling rate is too low then we could well miss 
several zero-crossings that might occur between consecutive sam­
ples; if this happens, the signal we detect will not be the true one 
(it is said to be an alias signal). 

Even though a voice signal does have a complex, and apparently 
nonrepetitive, waveform, mathematicians have proved that it can 
be considered the sum of a series of periodic sine waves of varying 
frequencies and amplitudes. As we have just seen, the higher fre­
quencies that make up this signal are going to be troublesome if 
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the sampling rate is not fast enough to keep up with them. Just 
how fast does the sampling rate have to be to allow us to detect a 
particular frequency? 

To answer this question, we must resort to the theoretical math­
ematicians once again. There is a theorem, called the Fundamental 
Sampling Theorem, that states that in order to be able to properly 
reconstruct a signal, it must be sampled at a rate that is at least 
twice the frequency of the highest frequency component present 
in the signal. For example, if the highest frequency present in a 
signal is 1,000 Hz, then to be able to reconstruct it, you would have 
to sample it at least 2,000 times per second. One-half of the sam­
pling rate is often referred to as the "Nyquist frequency." 

If the incoming signal contains frequencies that are higher than 
the Nyquist frequency (that is, you are sampling too slowly to 
detect them), then erroneous frequencies will be detected. As we 
saw earlier, these frequencies are called "aliases." This aliasing 
effect will cause the signal to be distorted when it is ultimately 
reconstructed. 

The human voice can generate sound frequencies anywhere be­
tween 20 Hz and 10,000 Hz (approximately). Thus, to detect the 
highest frequency of 10,000 Hz, we would have to sample the cas­
sette input status at least 20,000 times per second, or once every 
50 microseconds. 

Whenever you are sampling a signal, however, there is a tradeoff 
between the quality of the reconstructed signal and memory avail­
ability. As we have seen, to be able to precisely digitize any signal, 
including voice, you have to sample it quickly in order to detect 
all the zero-crossings. The more sampling data that is collected, 
however, the faster your computer's memory is used up and the 
shorter the voice sample that can be stored. You can decrease the 
sampling rate to conserve memory, but as soon as you do this you 
will not, according to the Fundamental Sampling Theorem, be able 
to detect some of the higher frequencies that make up the signal. 
A sampling rate has to be selected that allows you to digitize the 
voice for a significant time period without sacrificing voice quality 
when it is ultimately reconstructed. 

The program in Table 9-6, called GETVOICE, takes care of sam­
pling the cassette input port, assembling eight successive one-bit 
samples into a byte, and storing this byte in a "voice buffer" ex­
tending from $1000 to Applesoft HIMEM (normally $9600). To run 
GETVOICE, load it into memory, press the PLAY button on the 
recorder to begin sending your voice sample, and then start GET­
VOICE by entering CALL 768 from Applesoft direct mode or by 
entering 300G from the system monitor. 



Table 9-6. GETVOICE. A program to digitize a voice sample. 

Page #01 

: A S M 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0 
11 
1 2 
13 
14 
15 

0300: A9 00 16 
0302: 85 06 1 7 
0304: A9 10 18 
0306: 85 07 19 

20 
0308: A2 08 21 

22 
23 

030A: AC 53 03 24 
030D: 88 25 
030E: DO FD 26 
031 0: EA 27 
0311 : EA 28 

************ 
* GETVOICE * 
************ 

VPOINT EQU $6 
VDATA EQU $1000 

HIMEM EQU $73 

KEYBOARD EQU $COOO 
KBSTROBE EQU $C010 
CASSIN EQU $C060 

ORG $300 

LDA H<VDATA 
STA VPOINT 
LDA #>VDATA 
STA VPOINT+1 

LDX #8 

;Pointer to current pos. in buffer 
;Beginning of voice buffer 

;Top of memory pointer 

;Cassette input port 

;Set up pointer to the beginning 
; of the voice data area 

;Set bit counter 

*Loop time is 76 + 5*CSTALLNUM-1> cycles 
READTAPE LDY STALLNUM 
STALL DEY 

BNE STALL 
NOP 
NOP 

(continued) 
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Table 9-6. GETVOICE. A program to digitize a voice sample (continued). 

N en 

0312: EA 29 NOP D 
0313: EA 30 NOP 5" 0314: AD SO CO 31 LDA CASSIN ;Read the cassette port en 

a: 0317: 2A 32 ROL ;Put result into carry bit m 
0318: 2E 52 03 33 ROL VBYTE ;Move result into current byte ~ 

:T 031B: CA 34 DEX ;Decrement bit counter m 
031C: DO 25 35 BNE DELAYADJ ;Branch until 8 bits done )> 

"C 
3S "C m 031E: A2 08 37 LDX #8 ;Reinitialize bit counter -0320: AD 00 CO 38 LDA KEYBOARD ;Has a key been pressed? m-

0323: 30 1 A 39 BM I EXIT ;Branch if so 
0325: AO 00 40 LDY #0 
0327: AD 52 03 41 LDA VBYTE ;Get the voice byte 
032A: 91 OS 42 STA CVPOINT>,Y ; and store it in buffer 
032C: ES OS 43 INC VPOINT ;Move to the next buffer position 
032E: DO OS 44 BNE FULLCHK 
0330: ES 07 45 INC VPOINT+1 
0332: 4C 39 03 4S JMP FULLCHK1 
033S: EA 47 FULLCHK NOP 
033S: EA 48 NOP 
0337: DO 00 49 BNE FULLCHK1 ;CKill 3 cycles) 

Page #02 

0339: AS 07 so FULLCHK1 LDA VPOINT+1 ;Get the page we're in 
033B: cs 74 S1 CMP HIMEN+1 ;At HIMEM yet? 
033D: DO CB 52 BNE READTAPE ;No, so keep on digitizin' 

S3 
033F: 2C 10 CO 54 EXIT BIT KBSTROBE ;Clear the keyboard strobe 
0342: so SS RTS 

SS 
57 * Kill 43 c~cles to equalize loops 

0343: 20 51 03 58 DELAYADJ JS DUMMY ; C12> 



0346: 20 51 03 59 
0349: 20 51 03 60 
034C: EA 61 
034D: EA 62 
034E: 4C OA 03 63 

64 
0351: 60 65 

66 
67 

0353: 1 0 68 
69 

--End assembly--

84 bytes 

Errors: 0 

JSR DUMMY 
JSR DUMMY 
NOP 
NOP 
JMP READTAPE 

DUMMY RTS 

VBYTE DS 1 
STALLNUM DFB 16 

; C12> 
; C12) 
; (2) 
; (2) 
; (3) 

;Contains 8 cassette input samples 
;CChange to adjust sampling rate> 
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To digitize the voice signal, GETVOICE samples CASSIN ($C060) 
once every 76+S*(STALLNUM-1) microseconds, where STALL­
NUM rs a constant. In the sample program, STALLNUM is set equal 
to 16 so that the sampling rate is 151 microseconds. This period 
corresponds to a sampling rate of 11(151x10"-6)=6,623 Hz and 
a Nyquist frequency of 3,311 Hz. 

Every time that CASSIN ($C060) is read, the cassette input status 
(bit 7 of $C060) is moved into the next available bit in a data byte 
called VBYTE. After eight bits have been stored in VBYTE in this 
way, VBYTE is stored in the voice buffer and another eight bits 
are assembled. This process continues until the buffer becomes full 
or until any key is pressed on the keyboard. When GETVOICE ends, 
we will be left with a series of bits in the buffer that represents 
the status of the cassette input port every 151 microseconds. This 
is precisely the information required to simulate the voice using 
square-waves generated by the //e's speaker. 

The period of the loop used in GETVOICE has been carefully 
selected to allow you to digitize as long a voice sample as possible 
without sacrificing intelligibility when the voice is eventually played 
back through the speaker. It has been calculated by adding up the 
number of machine cycles required to execute each instruction 
within the loop (see Appendix II for machine-cycle times for each 
6502 instruction). If you shorten the loop time, then, although the 
voice quality will improve, the voice buffer will be filled more 
quickly. Conversely, if the loop time is longer, then a less accurate 
digitization of the voice will occur because higher frequency tones 
in the voice will cause aliasing and, therefore, distortion in the 
reconstructed signal. As it stands now, all frequencies in the voice 
that are above the 3,311-Hz Nyquist frequency will cause prob­
lems; however, in most voice samples, these frequencies are not 
abundant. The bulk of voice information is usually contained in 
the 200-Hz to 3,000-Hz range, especially in male voices. 

If you are thinking of modifying GETVOICE in any way, then 
you must be careful to ensure that its loop time (the time between 
taking successive samples of the cassette input port) remains the 
same no matter which of two main paths the program follows. The 
program spends most of its time in the main loop, which comprises 
all of the code from $30A (READTAPE) to $31 C and then from $343 
(DELA YADJ) to $34E. If, however, the branch at $31 C (BNE) to 
$343 is not performed, and it won't after all eight bits of VBYTE 
are assembled, then the program will fall through into another 
portion of the code beginning at $31E and ending at $330. This 
portion is responsible for storing VBYTE in the voice buffer and 
incrementing the pointer to the end of the buffer. To compensate 



Table 9-7. PLA YVOICE. A program to play back a digitized voice sample. 

Page #01 

: A S M 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0 
11 
12 
13 
1 4 
15 

0300: A9 00 16 
0302: 85 06 1 7 
0304: A9 10 18 
0306: 85 07 19 

20 
0308: A9 00 21 
030A: 80 60 03 22 
0300: 4C 43 03 23 

24 
25 

0310: AC 61 03 26 
0313: 88 27 
0314: DO FD 28 

************* 
* PLAYVOICE * 
************* 

VPOINT EGU 
VDATA EGU 

HIMEM EQU 

KEYBOARD EGU 
KBSTROBE EQU 
SPEAKER EQU 

ORG 

LDA 
STA 
LOA 
STA 

LOA 
STA 
JMP 

$6 
$1000 

$73 

$COOO 
$C010 
$C030 

$300 

#<VDATA 
VPOINT 
#>VDATA 
VPOINT+1 

#0 
LASTSPKR 
GETVDATA 

;Top of memory pointer 

;Speaker output port 

;Set up pointer to beginning 
; of voice data area 

;Assume speaker was last off 

*Loop time is 76+5*<STALLNUM-1) cycles 
PLAYIT LOY STALLNUM 
STALL DEY 

BNE STALL 
(continued) 

(0 

:) 
m 
en 
"C m 
DJ 
~ 
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DJ 
::::J 
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rt 
~ 
m 
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m 
rt 
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w 
Table 9-7. PLAYVOICE. A program to play back a digitized voice sample (continued). w 

0 

29 D 0316: 40 60 03 30 EOR LASTSPKR ;This bit same as previous one? :r 0319: 30 03 31 BMI SPKRHIT ;No, so hit speaker en 
0318: EA 32 NOP c: 

m 
031C: 10 03 33 BPL SPKRMISS rt 

:J'" 031E: AC 30 CO 34 SPKRHIT LOY SPEAKER ;Toggle speaker m 
0321: 40 60 03 3S SPKRMISS EOR LASTSPKR ;Restore current bit )> 

"C 
0324: 80 60 03 36 STA LASTSPKR ; and save it "C ro 0327: 2A 37 ROL ;Move next bit into high bit --0328: CA 38 DEX ;Decrement bit counter m 
0329: DO 25 39 BNE DELAYADJ 

40 
0328: AD 00 CO 41 LOA KEYBOARD ;Has a key been pressed? 
032E: 30 1C 42 BMI EXIT ;Yes, so done 
0330: E6 06 43 INC VPOINT ;Move to next buffer position 
0332: DO OS 44 BNE FULLCHK 
0334: E6 07 4S INC VPOINT+1 
0336: 4C 30 03 46 . JMP FULLCHK1 
0339: EA 47 FULLCHK NOP 
033A: EA 48 NOP 
0338: DO 00 49 BNE FULCHK1 ;CKill 3 cycles) 

Page #02 

0330: AS 07 so FULLCHK1 LOA VPOINT+1 ;Get current page 
033F: CS 74 S1 CMP HIMEM+1 ;At HIMEM yet? 
0341: FO 09 S2 BEQ EXIT ;If so, stop 

53 
0343: AO 00 54 GETVDATA LOY #0 
0345: 81 06 55 LOA CVPOINT>,Y ;Get the next byte in buffer 
0347: A2 08 56 LOX #8 ;Reinitialize bit count 
0349: 4C 10 03 57 JMP PLAY IT 



S8 
034C: 2C 10 CO 59 
034F: 60 60 

61 
62 

03SO: 20 SF 03 63 
03S3: 20 SF 03 64 
03S6: 20 SF 03 6S 
03S9: 4C SC 03 66 
03SC: 4C 10 03 67 

68 
035F: 60 69 

70 
71 

0361 : 1 0 72 
73 

--End assembly--

98 bytes 

Errors: 0 

EXIT BIT KBSTRDBE 
RTS 

;Clear the keyboard strobe 

* Kill 42 cycles to equalize loops 
DELAYADJ JSR DUMMY ; C12) 

JSR DUMMY ; C12> 
JSR DUMMY ; C12> 
JMP D1 ; C3> 

D1 JMP PLAYIT ; C3> 

DUMMY RTS 

LASTSPKR DS 1 
STALLNUM DFB 16 

;High bit is state of speaker 
;<Change to adjust sampling rate) 

co 
-f 
';J'" 
CD 

en 
"C 

CD 
QJ 
~ 
CD ..., 
QJ 
::J 
a. 
M' 
';J'" 
CD 
(") 
QJ 
UJ 
UJ 
<ti 
M' 
M' 
<ti 
'"'O 
0 
~ 

D 
w 
w .. 



332 CJ Inside the Apple /le------------------

for the additional time required to execute this code, the main loop 
is routed through the portion of the code beginning at DELA YADJ 
that the second loop never sees. This code simply kills time for the 
number of microseconds required to execute the code between 
$31E and $330. As a result, the cassette input port is always sam­
pled at the same rate, no matter which path through the program 
is taken. 

Once a voice sample has been digitized using GETVOICE, the 
next step is to play it back through the speaker. The program for 
reconstructing the digitized voice on the //e's speaker is called 
PLA YVOICE and is listed in Table 9-7. It performs a tedious chore. 
It repeatedly executes a loop in which it gets a byte from the voice 
buffer, examines each bit, and then toggles the speaker whenever 
two consecutive bits are different. This process is repeated for each 
byte in the buffer in such a way that the processing time between 
two consecutive bits is always the same. Although there are two 
main paths through the main program loop, careful programming 
has ensured that the overall loop time is always kept the same. To 
ensure that the voice is reconstructed at its normal speech rate, 
this loop time has been adjusted so that it is identical to the loop 
time of the GETVOICE program. 

Note that the speaker is toggled only when the voice data indi­
cates that the cassette input has changed from 1 to 0 or vice versa, 
because it is only then that the voice signal changes. To detect 
these changes, a variable called LASTSPKR is used that contains 
(in bit 7) the last voice data bit read. The current bit is compared 
to the last one by performing an EOR LASTSPKR instruction at 
$316. If the two bits are the same, then the BMI instruction that 
follows will fail and the speaker will not be toggled. If they are 
different, then the BMI instruction will succeed and the speaker 
will be toggled. 

By using GETVOICE and PLA YVOICE, you can easily add the 
dimension of voice to your own programs. By digitizing short phrases 
and words and storing the data on diskette (using DOS's BSAVE 
command), you can quickly build up an extensive voice library 
that can be easily accessed and replayed when required. 
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FURTHER READING FOR CHAPTER 9 

On the speaker ... 
"Apple Noises and Other Sounds," Apple Assembly Line, February 

1981, pp. 2-9. Generating sound effects using the speaker. 
B.C. Detterich," Apple Free Speech," Call -A.P.P.L.E., September 

1981, pp. 9-14. Using the Apple II speaker to generate voice 
and sound. 

J.H. Bender, "Pitch and Rhythm on the Apple," Call -A.P.P.L.E., 
June 1982, p. 15. More on music for the Apple. 

B. Sander-Cederlof, "Your Apple Can Talk," Apple Assembly Line, 
November 1982, pp. 2-9. 

M. Eve, "Apple Talker," Nibble, Vol. 4, No. 8 (1983), pp. 72-75. 
Digitization and playback of voice. 

On the cassette ... 
C.C. Foster, Real Time Programming-Neglected Topics, Addison­

Wesley Publishing Company, Inc., 1981. There is a great chap­
ter in this book on digital sampling theory. 

Apple Computer, Inc., "The Apple II Cassette Interface," Apple 
Orchard, Spring 1981, pp. 57-58. The method used to store 
programs and data on tape is discussed. 
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The Game 1/0 Connector 

The game 110 connector is a 16-pin socket located in the right­
hand back comer of the //e's motherboard (as viewed from the 
keyboard end). Some of the signals from that socket are duplicated 
in an external 9-pin D-type miniature game 1/0 connector located 
on the back panel of the lie. Pinout diagrams for both connectors 
are shown in Figure 10-1. 

The external connector has been provided to permit you to con­
nect and disconnect game paddles and joysticks without having to 
remove the //e's lid. In addition, there are screw holes on the ex­
ternal connector that can be used to securely fasten the incoming 
male connector. This means that even during the most exciting 
video game, you won't inadvertently yank the plug out of the con­
nector. 

For the remainder of this chapter we will be considering the 
internal game 110 connector only. You can refer to Figure 10-1, 
however, to relate pin numbers on that connector to those on the 
external connector. 

The game 1/0 connector is a versatile interface. As its name sug­
gests, it is primarily used to interface devices that allow you to 
play video games: devices such as paddles, joysticks, and push 
buttons. When interfaced to the appropriate supporting circuitry, 
however, it can also be used to control circuits that tum on indi­
cator lights, detect light levels, measure the temperature, and per­
form many other interesting and useful feats. 

Of the 16 pins on the main game 110 connector, two are not used, 
two are used for the power supply connections ( + 5 volts and elec­
trical ground), seven are used for one-bit inputs (3 switch inputs 
and 4 analog inputs), and five for one-bit outputs (4 annunciators 
and 1 strobe). All of these inputs and outputs will be discussed in 
detail in the following sections. 

335 
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(a) Motherboard Connector 

N.C. 9 8 GND 

GC1 10 7 GC2 

GC3 11 6 GC0 

AN3 12 5 C040 STROBE 

AN2 13 4 PB2 

AN1 14 3 PB1 

AN0 15 2 PB0 

N.C. 16 +5v 
(front) 

(b) Back Panel Connector 

GC0 GC2 GND +5v 
5 4 3 2 

• • • • 
• • • • 
9 8 7 6 

GC3 GC1 PB0 PB2 

NOTE: AN =annunciator output 
PB =push button input 
GC =game controller input 
GND =electrical ground 
+ 5v = + 5 volt power supply 
N.C. = no connection 

PB1 

• 

Figure 18-1. Pinaut diagrams far the game 1/0 connectors. 

GAME 1/0 CONNECTOR EXPERIMENTS 

In this chapter, you are going to be encouraged to perform some 
simple, yet instructive, experiments in electronics. To make these 
experiments as simple as possible, you should first obtain the ex­
perimenter's "protoboard" and special 16-pin dual-inline-package 
(DIP) jumper cable shown in Figure 10-2. These are readily ob­
tainable from most Radio Shack dealers; the relevant part numbers 
are 276-1395 (protoboard) and 276-1976 Uumper cable). 
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Figure 10-2. Protoboard and DIP jumper cable. 

The protoboard is an extremely handy device to use if you are 
going to build circuits that make use of the game 110 connector. If 
you use the protoboard, you can easily construct simple circui ts 
without doing any soldering at all, thus making troubleshooting 
and disassembly a relatively simple task. 

The jumper cab le is used to extend the game 110 connector in­
terface to the protoboard where it is a lot more convenient to deal 
with. This is done by plugging one end of the jumper cable into 
the game I/O connector and the other end into the protoboard in 
such a way that the two rows of pins on the plug straddle the 
protoboard's longitudinal center line. (Check the orientation of the 
DIP plug so that you can tell which pin on the plug on the pro­
toboard corresponds to which pin on the plug in the game 110 
connector.) Once this is done, each pin on the jumper cable plug 
will be connected in parallel to four other pinholes right next to 
it on the protoboard. When a wire must be connected to a particular 
pin on the game 1/0 connector, a ll you have to do is plug the wire 
into one of these parallel pinh.oles instead. 
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Now that you have your protoboard set up and ready to go, let's 
take a close look at the game 1/0 connector and the signals that it 
supports. 

GAME CONTROLLER INPUTS 

There are four game controller input pins on the game 1/0 con­
nector (GC0, GCl, GC2, and GC3), which are normally used to 
interface game paddles or joysticks to the lie. These inputs are also 
often referred to as the analog inputs. The GC inputs are each 
associated with a unique 1/0 memory location, as shown in Table 
10-1. Only bit 7 of these locations is meaningful as we will see 
shortly. 

The game controller inputs are designed to be used with analog 
devices capable of changing their internal resistances in the range 
0-150K ohms in response to a physical phenomenon that is to be 
measured (such as the position of a game paddle or joystick, the 
temperature, or air pressure). Such devices are called "trans­
ducers" because they are converting a physical phenomenon into 
an electrical quantity (resistance) that can be quantified by a dig­
ital computer like the lie. 

Each GC input is part of an analog-to-digital (AID) conversion 
circuit that allows an analog resistance value to be converted (by 
software) into a digital quantity the lie can handle. The resistor 
forms part of a simple "RC" (resistor-capacitor) timing circuit that 
sets the time constant of a special integrated circuit called a 558 
Timer. When this timer is reset, by accessing GCRESET ($C070), 
bit 7 of each GC 110 memory location becomes high (1) but will 
eventually become low (0) when the timer "times out," that is, 
the period of time equal to the time constant for each of the four 
"RC" circuits has elapsed. 

Table 10-1. Game controller 1/0 memory locations. 

Address 
Hex (Dec) 

$C064 
$C065 
$C066 
$C067 

$C070 

(49252) 
(49253) 
(49254) 
(49255) 

(49264) 

Symbolic 
Name Description 

GC0 Status of game controller 0 (bit 7). 
GCl Status of game controller 1 (bit 7). 
GC2 Status of game controller 2 (bit 7). 
GC3 Status of game controller 3 (bit 7). 

GCRESET Reset the game controllers. 
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To interface a variable-resistor device, all you need to do is con­
nect one of its leads to + 5v (pin 1) and the other to one of the GC 
input pins. A simplified diagram for one such circuit is presented 
in Figure 10-3. Since the maximum "R" value recommended by 
Apple is 150,000 ohms and the "C" value is 0.022 microfarad, the 
maximum time constant for this circuit is 0.022 x 150,000 ohms 
= 0.0033 second. That is, when the resistance is at its maximum, 
the time required for the 558 Timer to bring bit 7 of the GC 1/0 
memory location low (0) is about 3.3 milliseconds. The time re­
quired to do this will change whenever the resistance of the device 
changes because the RC time constant will also change. 

By setting up a program that periodically checks to see whether 
the 558 Timer has timed out (by examining bit 7 of the GC 1/0 
memory location) and increments a counter if it has not, you can 
easily convert the resistance to a numerical value that varies lin­
early with resistance. In fact, Applesoft's built-in paddle-reading 
functions, PDL(0), PDL{l), PDL(2), and PDL(3), do this for you au­
tomatically-the counter value they return is an integer between 
0 and 255. (You can examine the assembly-language subroutine 
that these functions use by looking at the PREAD ($FB1E) subrou­
tine located in the system monitor; it checks for a timeout condition 
every 11 microseconds.) You should note, however, that the PDL 
functions assume that your input resistance is in the range 0-150K 
ohms. This translates to a time constant that ranges from 0 to 
about 2.8 milliseconds and to PDL readings between 0 and 255. 
(Remember that the PDL subroutine's counter increments every 
11 microseconds until the timer has timed out. This means that 
the maximum allowable time constant is 255* 11 microseconds, or 
2.8 milliseconds.) If the upper limit of the resistance is higher than 
150K ohms, then there will be a "dead area" where the resistance 
may change but the value calculated stays at 255; if it is lower, 
then the highest PDL value that can be generated will be less than 
255. 

The GCRESET ($C070) signal initiates the AID conversion pro­
cedure for all four game controller circuits at the same time. Since 
the 558 Timer will time out at different times for each game con­
troller (unless their resistances are identical), it is possible that 
after reading one PDL value that certain of the other game con­
trollers will still be timing out. If an attempt is made to read one 
of these controllers immediately after reading the first controller, 
then only the time needed to complete the timing-out process from 
the first GCRESET will be measured. This leads to a spurious game 
controller signal that is lower than expected. To avoid this "cross­
talk" between paddles, you should wait about 3 milliseconds be­
fore reading another game controller; this delay gives all of the 



GC 1/0 
LOCATION 
$C064 {#0) 
$C065 {#1) 
$C066 (#2) 
$Cctl67 (#3) 

558 
TIMER 

GCRESET 
{$C070) 

I 1 <.~ +5 volts 

Tc= 0.022 uF I 
t {pin 1) 

R = 0-1 SOK ohm 
(variable resistor) 

GC INPUT 
pin 6 {#0) 
pin 10 {#1) 
pin 11 (#2) 
pin 7 {#3) 

NOTE: the RC time constant varies from 0 to 3.3 milliseconds. 

Figure 18-3. Block diagram of game controller circuitry. 
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game controllers a chance to time out. This can be done in Applesoft 
by placing a short FOR/NEXT loop between the two POL functions. 
Here is an example of how to do this: 

100 X=PDLCO>:FOR 1=1 TO 10:NEXT: Y=PDLC1> 

Two devices that are commonly interfaced to the game controller 
inputs are the game paddle and the joystick. A game paddle is a 
device that controls the signal at one GC input only; it typically 
takes the form of a knob that you can rotate with your hand. As 
the knob is rotated, the resistance value changes linearly. A joystick 
allows you to control two GC inputs at once in such a way that 
the two-dimensional position of the joystick can be easily detected 
by reading two game controller values. 

There is no reason to restrict the game controller inputs for use 
with game paddles and joysticks, however. Any device that pro­
vides a fluctuating resistance value within the 0-150K range could 
also be interfaced and its resistance converted to a value between 
0 and 255 using the Applesoft POL() commands or their assembly­
language equivalents. 

Examples of two such useful devices are a thermistor and a 
photoresistor. A thermistor is a device that changes resistance with 
temperature. Several types of thermistors are available, including 
types that will generate resistances within the 0-150K ohm range 
for most temperatures that you would want to measure. 

Unfortunately, most thermistors are not sensitive to small tem­
perature changes, such as those that might occur in a home, so the 
range of POL values read may not be large. In addition, the values 
generated may not vary linearly with temperature. Nevertheless, 
you can calibrate the thermistor by preparing a table of actual 
temperatures (measured with a standard thermometer) and their 
associated paddle readings. This will at least allow you to estimate 
the temperature from a given "paddle" reading. 

A photoresistor is a device that changes resistance with the amount 
of light shining on it. The greater the light intensity, the lower the 
resistance. You would calibrate this device by preparing a table 
of light intensities (as measured by a light meter) and their asso­
ciated "paddle" readings. 

Let's wire up a photoresistor to the game 1/0 connector to show 
you how it works. A handy photoresistor to use is a cadmium sulfide 
one that is readily available from Radio Shack (part number 276-
116). All you have to do to interface it to a game controller input, 
say GC3, is to connect one leg of the photoresistor to + 5 volts (pin 
1) and the other leg to GC3 (pin 11). Once you have done this, you 
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can read its current setting by using the Applesoft PDL(3) com­
mand. Enter the following program and then run it: 

100 PRINT PDLC3> 
200 GOTO 100 

While the program is running, turn off the room lights to verify 
that the "paddle" value increases when there is less light. If you 
have a dimmer light switch, slowly turn the light intensity up and 
see how the value slowly decreases until it goes to 0 in very bright 
light. 

PUSH BUTTON INPUTS 

There are three one-bit input ports on the game 1/0 connector 
that are normally used to read the state of external switches con­
nected to them. These are the so-called "push-button" input ports. 
These ports, and the switches themselves, are usually referred to 
by their descriptive names: PB0, PBl, and PB2. 

The lie assigns one 1/0 memory location to each of the push­
button input ports, but only bit 7 at that location is actually used. 
These locations are shown in Table 10-2. By reading the memory 
location for a particular push-button input (using an Applesoft 
PEEK or an assembler LDA) and examining bit 7, you can deter­
mine whether a switch is being pressed or not. By convention, if 
the bit is set to 1, then the switch is considered to be·on (that is, 
pressed); if it is cleared to 0, the switch is considered to be off (that 
is, released). You should note, however, that it is possible for a 
switch to ·be connected in such a way that exactly the opposite 
result is observed. More on this later. 

A switch is a simple electrical component. It is typically used to 
allow you to complete an electrical circuit between its two contacts 
in order to turn something on and to break this circuit in order to 
turn something off. (Some switches can have more than two con­
tacts, but we'll ignore them for the moment.) There are many va-

Table 10-2. Push button 1/0 memory locations. 

Address Symbolic 
Name Hex (Dec) 

$C061 
$C062 
$C063 

(49249) PB0 
(49250) PBl 
(49251) PB2 

Description 

Status of push button 0 (bit 7). 
Status of push button I (bit 7). 
Status of push button 2 (bit 7). 
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rieties of switches, but the variety that is commonly connected to 
the push button inputs is, you guessed it, the push button. This is 
because they are ideally suited as triggers for such video game 
weaponry as laser cannons, machine guns, and so on. 

Switches can be classified into one of two categories: "momen­
tary contact" or "fixed contact." A momentary-contact switch is 
one that returns to its initial "resting" position immediately after 
you take your finger off it. All of the keys on the //e's keyboard 
(except the CAPS LOCK key) are examples of such a switch. 

A fixed-contact switch is one that can be turned on or off and 
that will stay on or off, as the case may be, after you have taken 
your finger off it. Examples of fixed-contact switches are the CAPS 
LOCK key on the //e's keyboard, a standard light switch, and a 
toggle switch. 

Two other special terms are used to describe the operation of 
momentary-contact switches: "normally open" and "normally 
closed." A switch is said to be normally open if, when it is not 
being pressed, no connection is made between its contacts. Con­
versely, a normally closed switch is one in which the contacts are 
closed when it is not pressed. 

It is important to know whether the momentary-contact switch 
that you wish to interface to the game 1/0 connector is normally 
open or normally closed, because the interface circuit that you 
must build will be different for each type of switch. Figure 10-4 
sets out the two alternate circuits. These circuits have been de­
signed in such a way that if the switch is not being pressed, then 
the input to the push button pin is grounded and when it is being 
pressed, it is connected to 5 volts. This ensures compatibility with 
Apple's on/off push-button convention referred to earlier. 

It is easy to install your favorite type of switch, be it momentary 
contact or fixed contact, normally open or normally closed, to the 
game 1/0 connector. You must install it, however, when the power 
to the lie is off! Let's assume you have a normally open push button 
switch and you want to install it as PB2. Following Figure 10-4 (a), 
connect a wire from one switch contact to the + Sv line (pin 1 on 
the game 1/0 connector), another wire from the other contact to 
PB2 (pin 4), and then connect a 1,000-ohm resistor between PB2 
(pin 4) and ground (pin 8). (This resistor ensures that the input to 
the connector will not "float" between 1 and 0 when the switch is 
not pressed and will also prevent a short-circuit when the switch 
is pressed.) 

You can easily determine whether or not a push button is being 
pressed by examining bit 7 of the 1/0 memory location that the 
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(a) normally-open push button 
I PUSH BUTTON 

PB ...L.. 

~:~"il:~-·~------1--10_0_0_o_h_m_s_
1 1 0 

+
5 v (pin 

1) 
pin 4 (#2) 

Ground (pin 8) 

(b) normally-closed push button 
PUSH BUTTON 

PB 
1 nput it---------,-------s..L..Jt-------11 1 Ground (pin 8) 

pin 2 (#0) 
pin 3 (#1) 
pin 4 (#2) 

1000 ohms 
+5 v (pin 1) 

Figure 18-4. Interfacing push buttons to the game 1/0 connector. 

lie reserves for that button. As explained earlier, if this bit is on 
(1), then the button is being pressed; if it is off (0), the button is 
not being pressed. This means that if you PEEK this memory lo­
cation from Applesoft, then the number you read is greater than 
or equal to 128 if the button is pressed or less than 128 if it is not. 

Two keys on the //e's keyboard are actually directly connected 
to the game 1/0 connector's push-button input lines. These are the 
OPEN-APPLE and CLOSED-APPLE keys that flank the space bar. 
These two keys are connected to PB0 and PBl, respectively. 

The presence of these t~o keys enables you to easily experiment 
with the concept of game-paddle switches without having to do 
any circuit design at all. Let's write a simple little program to test 
the status of PB0, the OPEN-APPLE key. 

The 1/0 memory location reserved for PB0 is 49249. To read this 
location from an Applesoft program, you would use the PEEK(49249) 
command. Enter the following simple Applesoft program and run 
it: 

100 IF PEEKC49249»127 THEN PRINT "DOWN WE GO!" 
200 IF PEEKC49249H128 THEN PRINT "BACK AGAIN!" 
300 GOTO 100 

While the program is running, periodically press and release the 
OPEN-APPLE key. You will find that when it is pressed, the mes­
sage 

DOWN WE GO! 



--------------- 1 fZ) The Game 110 Connector c:::=J 345 

will appear, and that when it is released, you will see the message 

BACK AGAIN! 

By changing the address that is PEEKed, you can easily test the 
status of any of the other push buttons, including the one you wired 
up yourself. 

Remember that the switches connected to the push-button in­
puts on the game 1/0 connector need not be push buttons. Any type 
of switch can be connected, including toggle switches, reed switches, 
blow switches, pressure switches, and magnetic switches. 

ANNUNCIATOR OUTPUTS 

There are four one-bit outputs on the game 1/0 connector that 
are called "annunciators" and are referred to as AN0, AN 1, AN2, 
and AN3. The original purpose of providing these outputs on the 
//e's predecessor, the Apple II, was apparently to allow the Apple 
to drive a series of control lights. We will show you how to do that 
shortly. 

The annunciator output signals are standard 74LS series tran­
sistor-transistor-logic (TTL) outputs, so they can also be used to 
control other TTL devices (logic gates, integrated circuits, and so 
on), or to drive relays, speakers, and many other devices. See the 
references at the end of the chapter for further information on TTL 
logic and digital electronics. 

Each annunciator output is controlled by a pair of 1/0 memory 
locations, as indicated in Table 10-3. These 1/0 memory locations 
are called "soft switches" because switching the states of the an­
nunciators can be achieved only by accessing memory locations in 
software. If you read or write the first location in the pair, the 

Table UJ-3. Annunciator 1/0 memory locations. 

Address 
Hex (Dec) Symbollc Name Description 

$C058 
$C059 
$C05A 
$C05B 
$C05C 
$C05D 
$C05E 
$C0SF 

(49240) 
(49241) 
(49242) 
(49243) 
(49244) 
(49245) 
(49246) 
(49247) 

CLRAN0 
SETAN0 
CLRANl 
SETANI 
CLRAN2 
SETAN2 
CLRAN3 
SETAN3 

Turn off annunciator 0. 
Turn on annunciator 0. 
Turn off annunciator 1. 
Turn on annunciator 1. 
Turn off annunciator 2. 
Turn on annunciator 2. 
Turn off annunciator 3. 
Turn on annunciator 3. 
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annunciator will be turned off; if you read or write the second 
location, it will be turned on. When an annunciator is in the "off" 
state, the voltage on its pin goes low (near 0 volts) and when it is 
in the "on" state, the voltage goes high (near 5 volts). 

It is simple to control the states of the annunciators from an 
Applesoft program. In general terms, to put annunciator #N 
(N = 0,1,2,3) into the off position, you would use the command 

POKE 49240+2*N,O 

and to put annunciator #N into the on position, you would use the 
command 

POKE 49241+2*N,O 

To make things even simpler, you could include a flag variable 
in your program, say "F", where F= 1 if you want the on position 
and F = 0 if you want the off position, so that the command 

POKE 49240+F+2*N,O 

will be the only one you need to use to control the states of the 
annunciators. 

Experimenting with the Annunciators 
The best way to learn more about the annunciators is to wire up 

a simple circuit and experiment with them it. One such circuit is set 
out in Figure 10-5. This circuit allows you to control one light-emit­
ting diode (LED) through each of the annunciators. Figure 10-5 
contains both the schematic diagram and the pictorial diagram 
for this circuit. You will have to obtain four LEDs, four 330-ohm 
resistors, and a 4049B Hex Inverter integrated circuit from an 
electronic parts store before you can build this circuit. Once you 
obtain them, use the pictorial diagram to assemble the circuit. 
Note that LEDs, being diodes, can pass current only in one direc­
tion, so you should be careful to orient them properly (anode to 
+ 5v). The resistors are used to limit the current flowing through 
the LEDs to a safe level. The hex inverter integrated circuit is used 
to "buffer," or strengthen, the annunciator output levels so that 
they will be capable of lighting the LEDs. As its name suggests, 
the inverter also reverses the signal coming from the annunciator. 
That is why the anodes of the LEDs are connected to + 5v: when 
the annunciator is low (ofO, the output from the inverter will be 
high ( +5v), no current will flow through the LED, and so it will 
be off as expected. 

Now that you've assembled this circuit, what can you do with 
it? Well, since you can turn any LED on or off by reading one of 
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(a) Schematic diagram. 
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(b) Pictorial diagram. 
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Figure 18-5. Game 1/0 connector LED experiments. 

its associated annunciator 1/0 memory locations, you could easily 
write a program that would cause the circuit to act as a blinking 
four-bulb emergency flasher. In addition, the LEDs could be used 
as indicator lights for displaying the status of up to four on/off 
switches. 

The sample program in Table 10-4 illustrates one interesting 
application: converting a decimal number to its binary equivalent. 
When the program is run, you will be asked to enter a decimal 
number between 0 and 15 and then its binary equivalent (that will 
be in the range 0000 . . . 1111) will be displayed using the four 
LEDs on the protoboard. A lighted LED corresponds to a '1' and 
an LED that is off corresponds to a '0'. Before running the program, 
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Table HJ-4. ANNUNCIATOR DEMO. A program to 
convert from decimal to binary using LEDs connected to 
the annunciators. 

JLIST 

100 REM "ANNUNCIATOR DEMO" 
110 TEXT : HOME : PRINT TABC 5) 

;"DECIMAL ---> BINARY CONVER 
SION 11

: PRINT TABC 9>; 11 USING 
THE ANNUNCIATORS" 

120 VTAB 5: CALL - 958 
130 INPUT "ENTER A NUMBER co ... 1 

5): 11 ;Y: PRINT 
140 IF Y < 0 or Y > 15 THEN 120 
150 FDR I = 3 TO 0 STEP - 1 
160 X = INT CY I C2" I>>: REM 

CHECK 11 I 11 TH BIT OF NUMBER 
170 POKE 49240 + 2 * I +ex= 1) 

, 0 
180 y = y - (2" I> * ex = 1): REM 

REDUCE NUMBER BY BINARY WEIG 
HT OF BIT 

190 PRINT "ANNUNCIATOR # 11 ;!; 11
: II 

;: IF X = 1 THEN PRINT 11 DN 11 

: GOTO 210 
200 PRINT 11 DFF 11 

210 NEXT I 

you should ensure that the LEDs are spatially arranged from left 
to right in descending numerical order (that is, AN3-AN2-AN1-
AN0). 

You should realize by now that even though this project is an 
extremely simple one, the annunciators can be used to control 
much more complex circuits. For example, they can be used to 
control the number displayed on a seven-segment LED or to ac­
tivate any one of a number of other simple logic circuits. 

Special Use for AN3 

There is one annunciator output that is used in a special way by 
the //e: AN3. As was discussed in Chapter 7, this annunciator allows 
you to select or deselect double-width high-resolution and low­
resolution graphics. 
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STROBE OUTPUT 

This is a single-bit output that can be used to send a momentary 
pulse (a "strobe") to an external circuit. Such a pulse may be 
required to change the state of an on/off device or to latch data 
into the circuit so that it will not change until after it has been 
read or sent. 

As indicated in Table 10-5, the strobe signal is controlled by 
GCSTROBE ($C040). The signal is normally kept at a high-voltage 
level ( + Sv) but when this location is accessed by a read operation 
(such as an Applesoft PEEK), it drops to a low-voltage level (near 
0v) for about half a microsecond before returning to a high level. 

Table 10-5. Game connector strobe 1/0 memory location. 

Address 
Hex (Dec) Symbolic Name Description 

$C040 ( 49216) GCSTROBE Generate a game 1/0 
connector strobe signal. 

SUMMARY OF GAME 1/0 CONNECTOR 
LOCATIONS 

Table 10-6 contains a list of all of the 110 locations on the lie that 
relate to the game 1/0 connector. 

Table 10-6. Summary of all game 1/0 connector 1/0 
locations. 

Address 
Hex (Dec) 

Symbolic 
Name Description 

$C040 (49216) GCSTROBE Generate a game 110 connector 
strobe signal. 

$C058 
$C059 
$C05A 
$C05B 
$C05C 

( 49240) CLRAN0 
(49241) SETAN0 
(49242) CLRANl 
(49243) SETANl 
( 49244) CLRAN2 

Turn off annunciator 0. 
Turn on annunciator 0. 
Turn off annunciator 1. 
Turn on annunciator 1. 
Turn off annunciator 2. 

(continued) 
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Table HJ-6. Summary of all game 1/0 connector 1/0 
locations (continued). 

Address Symbolic 
Hex (Dec) Name Description 

$C05D (49245) SETAN2 Turn on annunciator 2. 
$C05E (49246) CLRAN3 Turn off annunciator 3. 
$C05F (49247) SETAN3 Turn on annunciator 3. 

$C061 (49249) PB0 Status of push button 0 (bit 7). 
$C062 (49250) PBl Status of push button 1 (bit 7). 
$C063 (49251) PB2 Status of push button 2 (bit 7). 

$C064 (49252) GC0 Status of game controller 0 (bit 
7). 

$C065 (49253) GCl Status of game controller 1 (bit 
7). 

$C066 (49254) GC2 Status of game controller 2 (bit 
7). 

$C067 (49255) GC3 Status of game controller 3 (bit 
7). 

$C070 ( 49264) GCRESET Reset the game controllers. 

FURTHER READING FOR CHAPTER 1 fZJ 

On reading the game paddles ... 
B. Sander-Cederlof, "Reading Two Paddles at the Same Time," 

Apple Assembly Line, March 1982, p. 1. A program to simul­
taneously read two game paddle inputs. 

On generating music through the annunciators ... 
M.A. Cross, "Apple Audio Processing," Byte, April 1980, p. 212. 

How to generate multi phonic sound through the annunciators. 
On interfacing a numeric keypad ... 

M. Harvey, "Numeric Key Pad Lab!," Nibble, Vol. 1, No. 5 (1980), 
pp. 28-29. How to hook up a numeric keypad to the game 1/0 
connector. 

On interfacing a lie detector ... 
D.B. Curtis, "To Tell the Truth," Kilobaud Microcomputing, Au­

gust 1981, pp. 87-89. How to hook up a lie-detecting device to 
the game paddle inputs. 
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On interfacing a joystick ... 
"Dual Joysticks for Under $15.00," Nibble, Vol. 1, No. 2 (1980), 

p. 13. How to hook up a joystick to the game paddle inputs. 
On interfacing a thermistor ... 

C.J. Kershner, "A Digital Thermometer for the Apple II," Micro, 
March 1980, p. 21. How to hook up a thermistor to the game 
paddle inputs. 

On interfacing a light pen ... 
D.J. Lilja, "Build a Simple Light Pen for the Apple II," Byte, June 

1983, pp. 395-406. How to hook up a light pen to the push 
button inputs. 

On TTL logic and digital electronics ... 
D. Lancaster, ITL Cookbook, Howard W. Sams and Co., Inc., 

1976. 



11 
Peripheral-Card 
Expansion Slots 

One of the main reasons that the lie and its predecessors, the 
Apple II and the Apple II Plus, have proved to be so popular is that 
it is relatively simple to interface to them a multitude of external 
devices such as printers, disk drives, modems, music synthesizers, 
and so on. Devices such as these can be controlled by the /le through 
special peripheral cards that can be inserted into any of the seven 
50-pin expansion connectors (or slots) found at the back of the 
//e's motherboard. I/O circuitry on these peripheral cards can be 
controlled by accessing addresses within the //e's I/O memory space 
from $C090 to $C0FF. 

The seven slots on the lie are numbered from 1 to 7, with the 
leftmost slot (as viewed from the keyboard end) representing slot 
1. The /le also contains an eighth slot, called the auxiliary connec­
tor, into which Apple's 80-column text card can be installed. It is 
located at the left side of the //e's motherboard in front of the other 
slots. The auxiliary connector is markedly different from the other 
slots and different_ interfacing methods must be followed to use it. 

In this chapter, we will take a look at some of the rules that must 
be followed when designing and using peripheral cards. We will 
also see how the /le allocates memory space and 110 memory lo­
cations to peripheral cards. 

PERIPHERAL-CARD 1/0 MEMORY 
LOCATIONS 

Apple has developed certain hardware conventions that should 
be adhered to whenever peripheral cards are being designed. For­
tunately, the vast majority of manufacturers have followed these 

353 
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conventions, thus making it possible to plug several peripheral 
cards into the //e at the same time and use them without fear of 
interference or irreconcilable conflicts. 

The first of these conventions relates to the 110 memory locations 
within the //e's 110 memory space that are to be used by the 1/0 
circuitry on the peripheral card in a given slot. As we saw in Chap­
ter 2, this 1/0 space extends from $C000 to $C0FF. The convention 
is that whenever a peripheral card is plugged into one of the seven 
standard slots, it must only make use of the sixteen 1/0 memory 
locations from $C080+$10*s to $C08F+$10*S, where "s" is the 
slot number. The 110 memory locations assigned to each of the 
seven expansion slots on the lie are shown in Table 11-1. 

It is the responsibility of the designer of the peripheral card to 
ensure that the 1/0 circuitry on the card remains inactive until an 
1/0 memory location assigned to the slot into which that card has 
been inserted has been accessed. This can be done fairly easily 
because the lie generates a low-voltage signal on pin 41 of the slot 
connector, called the DEVICE SELECT signal, whenever this con­
dition is met (the voltage at this pin is normally high). In the usual 
case, the 1/0 circuitry on the peripheral card will be connected to 
the DEVICE SELECT pin in such a way that it will be operative 
only when DEVICE SELECT is low. When the circuitry becomes 
operative, the low four address lines from the 6502 microprocessor 
can be examined (or "decoded") to determine which of the 16 110 · 
memory locations has been selected, and then the specific action 
that has been associated with that particular location can be per­
formed. 

Some peripheral cards that are available for the lie do not adhere 
to the 110 memory locations convention. These are the multifunc­
tion cards, which typically combine two or three discrete 1/0 cir­
cuits on one physical card. A card such as this allows each of its 

Table 11-1. Peripheral-card 1/0 memory locations. 

Slot Number 

Slot 1 
Slot 2 
Slot 3 
Slot 4 
Slot 5 
Slot 6 
Slot 7 

110· Memory Locations 

$C090-$C09F 
$C0A0-$C0AF 
$C0B0-$C0BF 
$C0C0-$C0CF 
$C0D0-$C0DF 
$C0E0-$C0EF 
$C0F0-$C0FF 
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distinct circuits to be controlled as if it was contained on a card 
plugged into another physical slot. 

The phenomenon of allowing one physical card to behave as if 
it occupied several slots is called "phantom slotting." Phantom 
slotting is made possible by circuitry on the peripheral card that 
is capable of reacting to an 1/0 memory location reserved for a slot 
other than the one into which the card has been installed. Special 
address decoder circuits similar to those which the lie uses to de­
termine when to generate an active DEVICE SELECT signal are 
used for this purpose. 

If peripheral cards are used that are using phantom slotting 
techniques, it is important to ensure that no card is inserted into 
the physical slot that is being phantomed. If a card is inserted there 
by mistake, then two separate 1/0 operations could be activated 
at the same time and this is probably not what was intended. 

PERIPHERAL-CARD ROM 

Each peripheral card that plugs into the lie is permitted to con­
tain memory. The second hardware convention developed by Apple 
relates to the address space that may be used by any ROM or RAM 
memory included on the peripheral card (it's usually ROM). Ac­
cording to this convention, each peripheral card is assigned 256 
bytes of memory within the space from $C100 to $C7FF; this mem­
ory space is called peripheral-card ROM. The memory space as­
signed to each slot is shown in Table 11-2. 

A 256-byte page of memory has been allocated to each slot to 
permit intelligent peripheral cards to be attached to the lie. The 
page is normally used by a ROM that contains device drivers writ-

Table 11-2. Peripheral-card ROM spaces reserved for 
expansion slots. 

Slot Number 

Slot 1 
Slot 2 
Slot 3 
Slot 4 
Slot 5 
Slot 6 
Slot 7 

Memory Space 

$C100--$C1FF 
$C200--$C2FF 
$C300--$C3FF 
$C400-$C4FF 
$C500-$CSFF 
$C600-$C6FF 
$C700-$C7FF 
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ten in 6502 assembly language that allow for simplified control of 
the peripheral by providing a set of subroutines that can be used 
to perform the basic 1/0 and status-reading operations normally 
associated with it. If these drivers could not be stored on the pe­
ripheral card in this way, they would have to be loaded into RAM 
memory whenever the //e was turned on and this would be highly 
inconvenient. 

There are two Applesoft (and DOS) commands that can be used 
to redirect character input and output to the peripheral-card ROM 
area: IN#s and PR#s. Both of these commands cause Applesoft to 
jump to a subroutine that starts at location $Cs00 on the peripheral 
card, where "s" is the slot number. This subroutine is responsible 
for initializing the device and then, if necessary, for altering the 
//e's input and output links in order to redirect all further character 
input and output requests to subroutines contained in the periph­
eral-card ROM area. See Chapters 6 and 7 for further information 
on the //e's input and output links. 

A character input subroutine contained in ROM on the periph­
eral card must return the inputted character in the 6502 accu­
mulator with the high-order bit set to one and with the X and Y 
registers unchanged (this is the protocol used by the standard key­
board input subroutine). A character output subroutine can expect 
to find the character to be outputted in the accumulator (with its 
high-order bit set to one) when it takes control and it must return 
with the A, X, and Y registers unchanged. 

The /le generates a special signal that simplifies the interfacing 
of the 256-byte memory page on a peripheral card. This is called 
the 110 SELECT signal and it appears at pin 1 of the slot connector. 
1/0 SELECT is normally high, but becomes low at a given slot 
whenever any address within the 256-byte memory page allocated 
to that slot is accessed. The low signal it produces can be used to 
enable the memory chips being used so that the starting address 
of the ROM will automatically take on the proper value in whatever 
slot the card is installed ($C100 for slot 1, $C200 for slot 2, and so 
on). 

As we saw in Chapter 8, the same address space encompassed 
by peripheral-card ROM ($C100 ... $C7FF) is used by built-in in­
ternal ROM that holds the extensions to the standard system mon­
itor, self-test subroutines, and the 80-column firmware. Before pro­
grams in peripheral-card ROM can be used, the INTCXROM switch 
must be turned off by writing to INTCXROMOFF ($C006) and, if 
any ROM in slot 3 is to be used, the SLOTC3ROM switch must be 
turned on by writing to SLOTC3ROMON ($C00B). In the normal 
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course of events, INTCXROM will always be off, so you shouldn't 
have to worry about adjusting it before peripheral cards can be 
used. If an 80-Column Text Card has been installed in the auxiliary 
slot, however, then SLOTC3ROM will initially be off and must be 
turned on before accessing the ROM on a card in slot 3. Note, 
however, that if SLOTC3ROM is on, the //e's special 80-column 
firmware that supports the text card cannot be used because the 
physical memory in which it is contained will be temporarily in­
active. 

PERIPHERAL-CARD EXPANSION ROM 

The lie also permits each peripheral card to contain a 2,048-byte 
area of memory that is mapped to locations $C800 ... $CFFF. This 
area is called peripheral-card expansion ROM and is used when­
ever additional space is needed to hold programs that control the 
peripheral device. 

Before making use of any subroutines within the expansion ROM 
space for any particular card, the expansion RO Ms in all peripheral 
cards must first be disabled. If this were not done, then several 
different physical locations might be active that correspond to the 
same logical address and this is not tolerated by the 6502 micro­
processor. This is where Apple's third convention comes into play. 
This convention states that the circuitry on each peripheral card 
must turn off its expansion ROM whenever location $CFFF is ac­
cessed. Fortunately, most peripheral cards adhere to this conven­
tion. Thus, to turn off all the peripheral-card expansion ROMs, an 
instruction such as 

STA $CFFF 

or 

LOA $CFFF 

must be executed. (This instruction is usually contained in the 
standard peripheral-card ROM-it obviously cannot be contained 
in the peripheral-card expansion ROM.) After this has been done, 
the circuitry on the peripheral card must be such that the card's 
expansion ROM will be enabled as soon as an address in the card's 
256-byte peripheral card ROM is accessed. After the card's expan­
sion ROM space has been enabled like this, it will remain enabled 
until all expansion ROMs are turned off again with a subsequent 
access of $CFFF. 
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PERIPHERAL-CARD SCRATCHPAD RAM 

It is often necessary for the program running in the ROMs con­
tained on a peripheral card to make use of RAM memory locations 
so that it can store information that may change from time to time. 
These locations are referred to as "scratchpad" RAM. For example, 
it may be necessary to store the current status of a device, a con­
stant such as "slot number" or" 16 times slot number" or a default 
command value. Any RAM memory location could be used for such 
purposes, but unless that location is specifically reserved for use 
by a peripheral device, it could be overwritten by any program 
that uses the same location. 

Apple's fourth convention relates to the RAM memory locations 
reserved for use as scratch pad RAM. If a peripheral card is installed 
in slot "s", then it may make use of the following RAM locations: 
$478+s, $4F8+s, $578+s, $5F8+s, $678+s, $6F8+s, $778+s, 
$7F8 + s. The specific addresses that are available for use at each 
slot are set out in Table 11-3. 

The base addresses set out in Table 11-3 are used by DOS 3.3 
and for the storage of information that indicates the status of the 
system. For example, $5F8 holds the value $Cs, where "s" is the 
slot number from which DOS 3.3 was booted, and $7F8 holds the 
value $Cs, where "s" is the slot number of the peripheral device 
whose ROM was last accessed. 

You will recall from Chapter 7 that the scratchpad locations are 
all contained within the area of memory dedicated for use by the 
text screen and the low-resolution graphics screen ($400 ... $7FF). 
Remember, however, that not all of the bytes from $400 to $7FF 

Table 11-3. Peripheral-card scratchpad RAM locations. 

Base Slot Number 
Address 1 2 3 4 5 6 7 

$478 $479 $47A $47B $47C $47D $47E $47F 
$4F8 $4F9 $4FA $4FB $4FC $4FD $4FE $4FF 
$578 $579 $57A $57B $57C $57D $57E $57F 
$5F8 $5F9 $5FA $5FB $5FC $5FD $5FE $5FF 
$678 $679 $67A $67B $67C $67D $67E $67F 
$6F8 $6F9 $6FA $6FB $6FC $6FD $6FE $6FF 
$778 $779 $77A $77B $77C $77D $77E $77F 
$7F8 $7F9 $7FA $7FB $7FC $7FD $7FE $7FF 
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are used by the screen display circuitry; in fact, there are a total 
of 64 unused locations which are called "screenholes." It is these 
screenholes that are used for peripheral-card scratchpad storage. 

THE AUXILIARY CONNECTOR 
AND SLOT 3 

The auxiliary connector on the //e is designed to hold the //e's 
80-column text card or extended 80-column text card. For histor­
ical reasons, when either of these two cards is plugged in, the lie 
reacts in such a way that it thinks that a card has been plugged 
into slot 3. This means that the 80-column display is enabled by 
entering an Applesoft PR#3 command, that the ROM supporting 
the 80-column display .occupies locations $C300 to $C3FF (and 
$C800 to $CFFF), and that the scratchpad RAM areas used by this 
ROM are those normally reserved for a card in slot 3. In "emulat­
ing" slot 3, Apple is simply adhering to another convention that 
stems from Apple II and Apple II Plus days: that an 80-column 
card is to be installed in slot 3. 

As you might guess, if an 80-column text card is installed in the 
auxiliary connector, there are considerable problems in using any 
peripheral card that is installed in slot 3 at the same time. In a 
nutshell, the problem arises because the lie initially prevents any 
ROMs on a peripheral card in slot 3 from being used by turning 
off the SLOTC3ROM soft switch (see Chapter 8) in order to select 
internal ROM memory from $C300 ... $C3FF. Even with 
SLOTC3ROM off, however, it is still possible to use a peripheral 
card in slot 3 by using a driver program that resides in main RAM 
memory and that uses only the 110 memory addresses used by the 
device in slot 3 and not the ROM subroutines on the peripheral 
card. Unfortunately, it may not be possible to do this if commercial 
software is being used since it becomes difficult, if not impossible, 
to interface RAM drivers of this sort. 

As we saw earlier in this chapter, and in Chapter 8, the ROM on 
a peripheral card in slot 3 can be activated even if an 80-column 
text card is present in the auxiliary slot by turning on SLOTC3ROM 
by writing to SLOTC3ROMON ($C00B). When this is done, a PR#3 
or IN#3 command will not transfer control to $C300 in the internal 
80-column firmware ROM but rather it will transfer control to the 
same address in the slot 3 ROM. This means that the device in­
terfaced to slot 3 can be used in the normal manner (but the 80-
column text card subroutines will be temporarily disabled). 
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PROGRAMMING FOR 
PERIPHERAL CARDS 

Programs that are to be stored in the ROM area of a peripheral 
card have to be carefully written. There are two fundamental re­
strictions on such programs: first, they must be relocatable and, 
second, they must adhere to certain software protocols established 
by Apple. 

Relocatability 

A program is said to be relocatable if it can be run in any part 
of memory without having to be changed. This is an important 
attribute for a peripheral-card program because it means that the 
peripheral card can be placed in any of the //e's seven standard 
interface slots and still operate properly. (Remember that if the 
card has been properly designed, the beginning address of the ROM 
will automatically change if the card is placed in another slot-it 
will be $C100 for slot 1, $C200 for slot 2, and so on.) 

There are two main reasons why a program may not be relo­
catable. One reason is that the program may read data from or 
store data to absolute memory locations that are within the pro­
gram boundaries itself. If this is done, then when the program is 
moved, the old locations will still be accessed and this is likely not 
what was intended. 

The second reason that the program may not be relocatable is 
that it contains JSR or JMP instructions that transfer control to 
instructions within the program itself. Since both of these instruc­
tions use the absolute addressing mode, when the program is moved 
by changing slots, the absolute addresses specified will stay the 
same and the program will no longer operate properly. Any change 
in program flow should be done by using branch-on-condition in­
structions (such as BNE, BPL, BCC, and BCS), which use relative, 
rather than absolute, addressing. For example, instead of jumping 
to a location called TARGET using the instruction 

JMP TARGET 

you could use relocatable code such as this: 

SEC 
BCS TARGET 
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Because slot independence of the peripheral card is such an im­
portant feature, peripheral-card ROM driver subroutines must never 
use absolute addressing to access 1/0 memory locations or the 
scratchpad RAM locations. Instead, indexed addressing must be 
used where the base addresses are fixed at locations that will be 
the same for each slot .. 

For example, to read the third of the sixteen 1/0 memory loca­
tions for a given slot, an instruction like this: 

LOA $C082,X 

should be used, where X holds 16 times the slot number (alter­
nately, the Y register could be used as the index). This makes the 
instruction slot independent. 

Scratchpad RAM locations should be accessed using a similar 
method; the only difference is that the index register will contain 
the slot number itself. For example, to access the second scratchpad 
RAM location for a given slot, the following instruction should be 
used: 

LOA $4F8,X 

where X contains the slot number. 

The above two examples bring up an important question: how 
does the program in the peripheral-card ROM know which slot the 
peripheral card has been placed in? This information cannot be 
stored in the peripheral-card ROM because this would prevent the 
card from being operable in any slot. The slot number can be 
determined by using a rather tricky software technique that takes 
advantage of the fact that whenever the 6502 executes a JSR (jump­
to-subroutine) instruction, it saves the current value of the program 
counter on the stack (the "return address"). If the subroutine is 
called from a program contained within the peripheral-card ROM 
space, the high-order byte of the return address will be of the form 
$Cs, where "s" is the slot number. Thus, "s" can be deduced by 
finding this byte in the stack area and examining it. 

Here is how this technique works in practice. First, the periph­
eral-card ROM subroutine must perform a JSR to a location that 
contains an RTS (return-from-subroutine) instruction. A conven­
ient location to use for this purpose is $FF58 because Apple has 
guaranteed that this location will always contain an RTS instruc­
tion. After the JSR and RTS instructions have been executed, the 
6502 stack pointer will be pointing to a byte of the form "$Cs", 
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where "s" is the slot number, and the stack will look something 
like this: 

aa 
Cs+- stack pointer 
bb 
cc 
dd 

(to bottom of stack) 

where aa, bb, cc, and dd represent hexadecimal numbers. "$Csaa" 
is the address minus 1 of the next in-line instruction to be executed 
after the subroutine to which JSR passes control finishes. The byte 
being pointed to by the stack pointer can be obtained by executing 
the following instructions: 

TSX ;Put stack pointer into X index 
LOA $100 1 X ;Get 11 $Cs 11 byte off stack 
AND #$OF ;Convert 11 $Cs 11 to "$Os" 
TAX ;Put slot number in X 

After these instructions have been executed, the slot number will 
be in the X register and can be used to properly access 1/0 memory 
locations (if it is first multiplied by 16) and scratchpad RAM lo­
cations. 

Software Protocols 
Apple has also established several software protocols that the 

programs contained in the ROMs of any peripheral cards should 
adhere to. Many of these protocols are important only if the pe­
ripheral card is going to be used in connection with the Apple 
Pascal language rather than Applesoft. Even though we are not 
looking at Apple Pascal in this book, these Pascal-related protocols 
will be summarized for the sake of completeness. 

If you want to study implementations of the following protocols, 
refer to Apple's source listing for the //e's internal 80-column firm­
ware (in "Reference Manual Addendum: Monitor ROM Listings") or 
for the Apple super serial card (contained in the reference manual 
for that peripheral). 

Applesoft Protocol 

The Applesoft software protocol requires that the initialization, 
input, and output subroutines for a peripheral card begin at those 
fixed locations shown in Table 11-4. 
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Table 11-4. Applesoft software protocol. 

Subroutine 

Initialization 
Character Input 
Character Output 

s = slot number. 

Starting Address 

$Cs00 
$Cs05 
$Cs07 

Note that this protocol is not adhered to by some of Apple's older 
peripheral cards, namely, the parallel printer interface card and 
the communications card. These cards represent special cases and 
must be treated as exceptions by any program that needs to know 
the absolute locations of the initialization, input, and output sub­
routines. 

Pascal 1 . IZJ Protocol 

Pascal 1.0 expects initialization, input, and output subroutines 
on a peripheral card to begin at different locations than those 
expected by Applesoft. These locations are shown in Table 11-5. 

Besides supporting these subroutines, the peripheral card must 
have the values $38 and $18 stored at locations $Cs05 and $Cs07, 
respectively. If these values are not present, the peripheral card 
will be ignored by Pascal UJ. 

Pascal 1 . 1 Protocol 

Pascal 1.1 is a significant upgrade to its predecessor, Pascal 1.0. 
It supports a much more flexible software protocol for peripheral 
devices that enables it to easily determine not only that a usable 
device has been installed, but also what kind of device it is. 

Table 11-5. Pascal 1.8 software protocol. 

Subroutine 

Ini tializa ti on 
Character input 
Character output 

Starting Address 

$C800 
$C84D 
$C9AA 
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Interface cards that support Pascal 1.1 must contain a table at 
$Cs0D to $Csl3 in the peripheral-card ROM that contains the off­
sets from $Cs00 of various subroutines that Pascal 1.1 may need 
to use. The primary subroutines are those for initialization, input, 
output, and I/O status. However, two other subroutines, one for 
control of the device and the other for interrupt handling, can also 
be included. A description of the meaning of each entry in this 
offset table is shown in Table 11-6. Note that the last two offsets 
contained in the table are not actually used because Pascal 1.1 does 
not use Device Control and Interrupt Handler subroutines. 

Before any of the subroutines referred to in Table 11-6 are called, 
the 6502 X register must contain $Cs (where "s" is the slot number) 
and the Y register must contain $s0. In addition, if the Character 
Output subroutine is being called, the byte to be outputted must 
be contained in the accumulator. If the 110 status subroutine is 
being called, the accumulator must contain the request code: 0 
means "Are you ready for output?" and 1 means "Is any input 
ready?" 

After the subroutine has performed its duties, the X register will 
contain an error code; this code will be 0 if no error actually oc­
curred. If the Character Input subroutine was called, the character 
read will be returned in the accumulator. If the 1/0 Status sub­
routine was called, the status of the carry flag must be checked to 
determine the status. Only if the carry flag is set is the device ready 
to perform 1/0. 

Table 11-6. Pascal 1.1 software protocol. 

Address of Offset 

$Cs0D 
$Cs0E 
$Cs0F 
$Cs10 
$Csl 1 

$Cs12 
$Cs13 

Subroutine Description 

Initialization 
Character input 
Character output 
I/O status 
Continuation byte: $00 if the following two 

offsets are used 
Device control 
Interrupt handler 
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Table 11-7. Peripheral-card ROM identification bytes. 

Address 

$Cs05 
$Cs07 
$Cs0B 
$Cs0C 

Value 

$38 (SEC opcode) 
$18 (CLC opcode) 
$01 (generic signature byte) 
$ci (device signature from Table 11-8) 

ROM Identification Bytes 

Four other bytes in the peripheral-card ROM are used by Pascal 
1.1 to allow 1/0 devices to be identified. The addresses for these 
bytes, and the values stored there, are set out in Table 11-7. 

The device signature byte at $Cs0C is not currently used by Pas­
cal 1.1 but may be examined by a program that is operating to 
determine the type of peripheral card installed in the slot. The first 
hexadecimal digit of the signature ("c") represents the general 
device class, as shown in Table 11-8, and the second digit ("i") 
represents a unique identifier that has been assigned to the device 
by Apple. The identifier makes it possible to determine the precise 
model of the interface card being used. 

Table 11-8. Pascal 1.1 device class digits. 

Devlce Class Dlgit 

$0 
$1 
$2 
$3 
$4 
$5 
$6 
$7 
$8 
$9 
$A 
$B-$F 

Description of Class 

<Reserved> 
Printer 
Joystick or other X-Y input device 
Serial or parallel 1/0 device 
Modem 
Sound or speech device 
Clock 
Mass storage device (disk drive) 
80-column card 
Network or bus interface 
Special purpose (none of the above) 
<Reserved> 
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FURTHER READING FOR CHAPTER 11 

On hardware interfacing techniques ... 
J .S. Titus, D.G. Larsen, and C.A. Titus, Apple Interfacing, Howard 

W. Sams & Company, Inc., 1981. The hardware aspects of 
interfacing devices to the Apple's slots. 

J.W. Coffron, The Apple Connection, Sybex, 1982. 
J.E. Uffenbeck, Hardware Interfacing with the Apple II Plus, Pren­

tice-Hall, Inc., 1983. A good introduction to hardware inter­
facing with lots of examples. 

On software protocols ... 
B. Haynes, Attach-BIOS for Apple II Pascal 1.1, International 

Apple Core, 1980. This booklet explains the Pascal 1.1 firmware 
protocols. 

Apple lie Design Guidelines, Apple Computer, Inc., 1982. This book 
reviews all of Apple's software protocols and "preferred" pro­
gramming practices. 
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w 
ASCII Code en 

CD 
Hex Dec Symbol Keys to Press 

D 
$00 000 NUL (Null) CONTROL@ 5" 
$01 001 SOH (Start of header) CONTROL A en 
$02 002 STX (Start of text) CONTROLB a: 

m 
$03 003 ETX (End of text) CONTROLC rt 

::J"' 

$04 004 EQT (End of transmission) CONTROL D m 
l> 

$05 005 ENQ (Enquiry) CONTROL E "C 
"C 

$06 006 ACK (Acknowledge) CONTROL F m 
$07 007 BEL (Bell) CONTROLG --m 
$08 008 BS (Backspace) LEFT-ARROW or CONTROL H 
$09 009 HT (Horizontal tabulation) TAB or CONTROL I 
$0A 010 LF (Line feed) DOWN-ARROW or CONTROL J 
$0B 011 VT (Vertical tabulation) UP-ARROW or CONTROL K 
$0C 012 FF (Form feed) CONTROL L 
$0D 013 CR (Carriage return) RETURN or CONTROL M 
$0E 014 so (Shift out) CONTROLN 
$0F 015 SI (Shift in) CONTROLO 
$10 016 DLE (Data link escape) CONTROL P 
$11 017 DCl (Device control 1) CONTROL Q 
$12 018 DC2 (Device control 2) CONTROL R 
$13 019 DC3 (Device control 3) CONTROLS 
$14 020 DC4 (Device control 4) CONTROL T 
$15 021 NAK (Negative acknowledge) RIGHT-ARROW or CONTROL U 
$16 022 SYN (Synchronous idle) CONTROLV 
$17 023 ETB (End of transmission block) CONTROL W 
$18 024 CAN (Cancel) CONTROLX 
$19 025 EM (End of medium) CONTROL Y 
$1A 026 SUB (Substitute) CONTROL Z 
$1B 027 ESC (Escape) ESC or CONTROL [ 
$1C 028 FS (Field separator) CONTROL\ 
$10 029 GS (Group separator) CONTROL] 
$1E 030 RS (Record separator) CONTROL" 
$1F 031 us (Unit separator) CONTROL_ 



$20 032 (Space) SPACE BAR 
$21 033 ! SHIFT 1 
$22 034 " SHIFT' 
$23 035 # SHIFT 3 
$24 036 $ SHIFT 4 
$25 037 % SHIFT 5 
$26 038 & SHIFT 7 
$27 039 

, , 

$28 040 ( SHIFT 9 
$29 041 ) SHIFT 0 
$2A 042 * SHIFT 8 
$2B 043 + SHIFT= 
$2C 044 
$2D 045 
$2E 046 
$2F 047 I I 
$30 048 0 0 
$31 049 1 1 
$32 050 2 2 
$33 051 3 3 
$34 052 4 4 
$35 053 5 5 
$36 054 6 6 
$37 055 7 7 
$38 056 8 8 )> 

"C $39 057 9 9 "C 
CD $3A 058 SHIFT; :J a. 

$3B 059 x· , , 
-$3C 060 < SHIFT, 

D $3D 061 = = 
$3E 062 > SHIFT. w $3F 063 ? SHIFT I en 

(continued) co 



w 
ASCII Code ..... 
Hex Dec Symbol Keys to Press 

0 

D $40 064 @ SHIFf 2 
S" $41 065 A SHIFf A en 

$42 066 B SHIFf B c.: 
m 

$43 067 c SHIFf C C"t 
-=s" 

$44 068 D SHIFf D m 

$45 069 E SHIFf E )> 
"'C 

$46 070 F SHIFf F "'C 
m 

$47 071 G SHIFf G --$48 072 H SHIFf H 
m 

$49 073 I SHIFf I 
$4A 074 J SHIFf J 
$4B 075 K SHIFf K 
$4C 076 L SHIFf L 
$40 077 M SHIFf M 
$4E 078 N SHIFf N 
$4F 079 0 SHIFf 0 
$50 080 p SHIFf P 
$51 081 Q SHIFf Q 
$52 082 R SHIFf R 
$53 083 s SHIFf S 
$54 084 T SHIFf T 
$55 085 u SHIFf U 
$S6 086 v SHIFf V 
$S7 087 w SHIFf W 
$58 088 x SHIFf X 
$S9 089 y SHIFf Y 
$SA 090 z SHIFf Z 
$SB 091 [ [ 
$SC 092 \ \ 
$SD 093 ] ] 
$SE 094 

,. 
SHIFf 6 



$SF 095 - SHIFT -
$60 096 
$61 097 a A 
$62 098 b B 
$63 099 c c 
$64 100 d D 
$65 101 e E 
$66 102 f F 
$67 103 g G 
$68 104 h H 
$69 105 i I 
$6A 106 j J 
$6B 107 k K 
$6C 108 I L 
$6D 109 m M 
$6E 110 n N 
$6F 111 0 0 
$70 112 p p 
$71 113 q Q 
$72 114 r R 
$73 115 s s 
$74 116 t T 
$75 117 u u 
$76 118 v v 
$77 119 w w 
$78 120 x x l> 
$79 121 y y "'C 

"'C 
$7A 122 z z m 

:::J 

$7B 123 { SHIFT [ c. x· 
$7C 124 I SHIFT\ -
$7D 125 } SHIFT] D $7E 126 - SHIFT' 
$7F 127 I (Rubout) DELETE w ....., ... 



Appendix II 
6502 Instruction Set and 

Cycle Times 
Instruction Assembler Opcode Number Number of 
Mnemonic Operand Format Byte of Bytes Clock Cycles 

ADC #num 69 2 2 
zpage 65 2 3 
zpage,X 75 2 4 
(zpage,X) 61 2 6 
(zpage),Y 71 2 5* 
abs 6D 3 4 
abs,X 7D 3 4* 
abs,Y 79 3 4* 

AND #num 29 2 2 
zpage 25 2 3 
zpage,X 35 2 4 
(zpage,X) 21 2 6 
(zpage),Y 31 2 5* 
abs 2D 3 4 
abs,X 3D 3 4* 
abs,Y 39 3 4* 

ASL [accumulator] 0A 1 2 
zpage 06 2 5 
zpage, X 16 2 6 
abs 0E 3 6 
abs,X lE 3 7 

BCC disp 90 2 2** 
BCS disp B0 2 2** 
BEQ disp F0 2 2** 
BIT zpage 24 2 3 

abs 2C 3 4 

BMI disp 30 2 2** 
BNE disp D0 2 2** 

(continued) 

373 
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Instruction Assembler Opcode Number Number of 
Mnemonic Operand Format Byte of Bytes Clock Cycles 

BPL disp 10 2 2** 
BRK [implied] 00 7 

BVC disp S0 2 2** 
BVS disp 70 2 2** 
CLC [implied] lB 1 2 

CLD [implied] DB 2 
CLI [implied] SB 2 
CLV [implied] BB 1 2 
CMP #num C9 2 2 

zpage cs 2 3 
zpage,X DS 2 4 
(zpage,X) Cl 2 6 
(zpage),Y Dl 2 s* 
abs CD 3 4 
abs,X DD 3 4* 
abs,Y D9 3 4* 

CPX #num E0 2 2 
zpage E4 2 3 
abs EC 3 4 

CPY #num C0 2 2 
zpage C4 2 3 
abs cc 3 4 

DEC zpage C6 2 5 . 
zpage,X D6 2 6 
abs CE 3 6 
abs,X DE 3 7 

DEX [implied] CA 2 
DEY [implied] 88 1 2 
EOR #num 49 2 2 

zpage 4S 2 3 
zpage,X S5 2 4 
(zpage,X) 41 2 6 
(zpage),Y Sl 2 5* 
abs 4D 3 4 
abs,X SD 3 4* 
abs,Y S9 3 4* 

INC zpage E6 2 s 
zpage,X F6 2 6 
abs EE 3 6 
abs,X FE 3 7 
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Instruction Assembler Opcode Number Number of 
Mnemonic Operand Format Byte of Bytes Clock Cycles 

INX [implied] E8 2 

INY [implied] CB 1 2 

JMP abs 4C 3 3 
(abs) 6C 3 s 

JSR abs 20 3 6 

LDA #num A9 2 2 
zpage AS 2 3 
zpage,X BS 2 4 
(zpage,X) Al 2 6 
(zpage},Y Bl 2 s* 
abs AD 3 4 
abs,X BD 3 4* 
abs,Y B9 3 4* 

LDX #num A2 2 2 
zpage A6 2 3 
zpage,Y B6 2 4 
abs AE 3 4 
abs,Y BE 3 4* 

LDY #num A0 2 2 
zpage A4 2 3 
zpage,X B4 2 4 
abs AC 3 4 
abs,X BC 3 4* 

LSR [accumulator] 4A 1 2 
zpage 46 2 5 
zpage,X S6 2 6 
abs 4E 3 6 
abs,X SE 3 7 

NOP [implied] EA 1 2 

ORA #num 09 2 2 
zpage 05 2 3 
zpage,X lS 2 4 
(zpage,X) 01 2 6 
(zpage),Y 11 2 5* 
abs 0D 3 4 
abs,X lD 3 4* 
abs,Y 19 3 4* 

PHA [implied] 48 1 3 

PHP [implied] 08 3 

PLA [implied] 68 1 4 
(continued) 
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Instruction Assembler Opcode Number Number of 
Mnemonic Operand Format Byte of Bytes Clock Cycles 

PLP [implied] 28 4 
ROL [accumulator] 2A 1 2 

zpage 26 2 5 
zpage,X 36 2 6 
abs 2E 3 6 
abs,X 3E 3 7 

ROR [accumulator] 6A 1 2 
zpage 66 2 5 
zpage,X 76 2 6 
abs 6E 3 6 
abs,X 7E 3 7 

RTI [implied] 40 6 
RTS [implied] 60 1 6 
SBC #num E9 2 2 

zpage ES 2 3 
zpage,X FS 2 4 
(zpage,X) El 2 6 
(zpage),Y Fl 2 5* 
abs ED 3 4 
abs,X FD 3 4* 
abs,Y F9 3 4* 

SEC [implied] 38 2 
SED [implied] FB 1 2 
SEI [implied] 78 1 2 
STA zpage 85 2 3 

zpage,X 95 2 4 
(zpage,X) 81 2 6 
(zpage),Y 91 2 5* 
abs SD 3 4 
abs,X 9D 3 4~~ 

abs,Y 99 3 4* 
STX zpage 86 2 3 

zpage,Y 96 2 4 
abs SE 3 4 

STY zpage 84 2 3 
zpage,X 94 2 4 
abs BC 3 4 

TAX [implied] AA 1 2 
TAY [implied] AB 1 2 
TSX [implied] BA 1 2 
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Instruction Assembler Opcode Number Number of 
Mnemonic Operand Format Byte of Bytes Clock Cycles 

TXA [implied] 8A 2 

TXS [implied] 9A 2 

TYA [implied] 98 2 

*Add one clock cycle if a page boundary is crossed. 

**Add one clock cycle if a branch occurs to a location in the same page; add two 
clock cycles if a branch occurs to a location in a different page. 

See Table 2-3 in Chapter 2 for a description of the assembler operand formats. 



Appendix Ill 
Apple /le Soft Switch, 

Status, and Other 
1/0 Locations 

NOTE: The "Usage" column in the following tables indicates 
how a particular location is to be accessed: 

"W" means "write to the location." 
"R" means "read from the location." 
"RW" means "read from or write to the location." 
"R7" means "read and check bit 7 to determine the status." 
"RR" means "read from the location twice in a row." 

The term "aux." refers to auxiliary memory on an 80-column 
text card; "main" refers to built-in internal memory. "BSR" refers 
to the //e's 16K bank-switched RAM space from $D000-$FFFF. 

Memory Management Soft Switches 

Address 
Hex (Dec) Usage Symbolic Name 

$C000 (49152) W 80STOREOFF 

$C001 (49153) W 80STOREON 

$C002 (49154) W RAMRDOFF 

379 

Action Taken 

Allow PAGE2 to 
switch between 
video page 1 and 
page2 

Allow PAGE2 to 
switch between 
main and aux. video 
memory 

Note 

Read-enable main 4 
memory from $200-
$BFFF 

(continued) 
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Memory Management Soft Switches (continued) 

Address 
Hex (Dec) Usage Symbollc Name Action Taken Note 

$C003 (49155) w RAMRDON Read-enable aux. 4 
memory from $200--
$BFFF 

$C004 (49156) w RAMWRTOFF Write-enable main 4 
memory from $200--
$BFFF 

$C005 (49157) w RAMWRTON Write-enable aux. 4 
memory from $200--
$BFFF 

$C006 (49158) w INTCXROMOFF Enable slot ROM 5 
from $C 100--$CFFF 

$C007 (49159) w INTCXROMON Enable main ROM 5 
from $C 100-$CFFF 

$C008 (49160) w ALZTPOFF Enable main memory 5 
from $0000--$01 FF 
and make main 
BSR available 

$C009 (49161) w ALTZPON Enable aux. memory 
from $0000--$01 FF 
and make aux. BSR 
available 

$C00A (49162) w SLOTC3ROMOFF Enable main ROM 5 
from $C300--$C3FF 

$C00B (49163) w SLOTC3ROMON Enable slot ROM 5 
from $C300-$C3FF 

Video Soft Switches 

Address 
Hex (Dec) Usage Symbolic Name Action Taken Note 

$C00C (49164) w 80COLOFF Turn off 80-column 
display 

$C00D (49165) w 80COLON Turn on 80-column 
display 

$C00E (49166) w ALTCHARSETOFF Turn off alternate 
characters 

$C00F (49167) w ALTCHARSETON Turn on alternate 
characters 

$C050 (49232) RW TEXTOFF Select graphics mode 
$C051 (49233) RW TEXTON Select text mode 
$C052 (49234) RW MIXEDOFF Use full screen for 2 

graphics 
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Video Soft Switches (continued) 

Address 
Hex (Dec) Usage Symbolic Name Action Taken Note 

$C053 (49235) RW MIXEDON Use graphics with 2 
four lines of text 

$C054 (49236) RW PAGE20FF Select page 1 display 
(or main video 
memory) 

$C055 (49237) RW PAGE20N Select page2 display 
(or aux. video 
memory) 

$C056 (49238) RW HIRESOFF Select low-resolution 1,2 
graphics 

$C057 (49239) RW HIRESON Select high-resolution 1,2 
graphics 

Soft Switch Status Flags 

Address 
Hex (Dec) Usage Symbolic Name Status Description Note 

$C010 (49168) R7 AKO 1 = a key is being 3 
pressed 

0 = all keys are 
released 

$C011 (49169) R7 BSRBANK2 1 = bank2 of BSR is 
available 

0 = bankl of BSR is 
available 

$C012 (49170) R7 BSRREADRAM I = BSR is active for 
read operations 

0 = $D000-$FFFF 
ROM is active for 
read operations 

$C013 (49171) R7 RAM RD 0 = main $200- 4 
$BFFF is active for 
read operations 

1 = auxiliary $200-
$EFFF is active for 
read operations 

$C014 (49172) R7 RAMWRT 0 = main $200- 4 
$BFFF is active for 
write operations 

I = auxiliary $200-
$BFFF is active for 
write operations 

(continued) 
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Soft Switch Status Flags (continued) 

Address 
Hex (Dec) Usage Symbolic Name Status Description Note 

$C015 (49173) R7 INTCXROM 1 = main $C100- 5 
$CFFF ROM is 
active 

0 = slot $C 100--$CFFF 
ROM is active 

$C016 (49174) R7 ALTZP 1 = aux. zero 
page+ stack is 
active; aux. BSR is 
available 

0 = main zero 
page+ stack is 
active; main BSR is 
available 

$C017 (49175) R7 SLOTC3ROM 1 = slot $C3 ROM is 5 
active 

0 = main $C3 ROM is 
active 

$C018 (49176) R7 80STORE 1 = PAGE2 switches 1 
main/aux. 

0 = PAGE2 switches 

$C019 (49177) R7 
video pages 

VER TB LANK 1 = vertical retrace is 
on 

0 = vertical retrace is 
off 

$C01A (49178) R7 TEXT 1 = a text mode is 
active 

0 = a graphics mode 
active 

$C01B (49179) R7 MIXED 1 = mixed graphics 2 
and text 

0 = ful I-screen 

$C01C (49180) R7 
graphics 

PAGE2 1 = video page2 
selected 0 R aux. 
video page selected 

$C01D (49181) R7 HIRES 1 = high-resolution 1,2 
graphics 

0 = low-resolution 

$C01E (49182) R7 ALTCHARSET 
graphics 

1 = alternate 
character is on 

0 = primary 
character is on 
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Soft Switch Status Flags (continued) 

Address 
Hex (Dec) Usage Symbolic Name 

$C01F (49183) R7 80COL 

Notes: 

Status Description 

1 = 80-column 
display is on 

0 = 40-column 
display is on 

Note 

1. If 80STORE is ON, then PAGE20FF activates main video RAM ($400-$7FF) and 
PAGE20N activates auxiliary video RAM. If HIRES is also ON, then PAGE20FF 
also activates main high-resolution video RAM ($2000-$3FFF) and PAGE20N 
also activates auxiliary high-resolution video RAM. 
If 80STORE is OFF, then PAGE20FF turns on text pagel mode and PAGE2 turns 
on text page2 mode. If HIRES is also ON, then PAGE20FF also selects high­
resolution pagel mode and PAGE20N selects high-resolution page2 mode. 

2. The HIRES and MIXED switches are meaningful only if the TEXT switch is OFF 
(i.e., a graphics mode is active). 

3. Reading this switch will cause the keyboard strobe (bit 7 of $C000) to be cleared. 
4. The RAMRD and RAMWRT switches do not affect the video RAM area from 

$400-$7FF if the 80STORE switch on ON or the high-resolution graphics area 
from $2000-$3FFF if the HIRES switch is ON as well. In these situations, these 
RAM areas are controlled by the PAGE2. 

5. The SLOTC3ROM switches affect $C300 ... $C3FF only if INTCXROM is OFF. 

Annunciator Soft Switches (READ or WRITE) 

Address Symbolic 
Hex (Dec) Usage Name Action Taken 

$C058 (49240) RW CLRAN0 Turn off annunciator 0 
$C059 (49241) RW SETAN0 Tum on annunciator 0 
$C05A (49242) RW CLRANl Turn off annunciator 1 
$C05B (49243) RW SETANl Turn on annunciator 1 
$C05C (49244) RW CLRAN2 Turn off annunciator 2 
$C05D (49245) RW SETAN2 Turn on annunciator 2 
$C05E (49246) RW CLRAN3 Tum off annunciator 3 
$C05F (49247) RW SETAN3 Turn on annunciator 3 
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Input/Output Locations for Built-In Devices 

Address Symbolic 
Hex (Dec) Usage Name Action Taken (or Status) 

$C000 (49152) R KBD Keyboard data (bits 0 ... 6) 
R7 KBD 1 = keyboard stroke is on 

0 = keyboard stroke is off 
$C010 (49168) RW KBDSTRB ·. Clear keyboard strobe 

R7 AKD 1 = a key is being pressed 
0 = all keys are released 

$C020 (49184) R CASSO UT Toggle the state of the cassette 
output port 

$C030 (49200) R SPEAKER Toggle the state of the speaker 
$C040 (49216) R GCSTROBE Generate a game 1/0 connector 

strobe signal 
$C060 (49248) R7 CASSIN 1 = cassette input on 
$C061 (49249) R7 PB0 1 = push button 0 is on 
$C062 (49250) R7 PBl 1 = push button 1 is on 
$C063 (49251) R7 PB2 1 = push button 2 is on 
$C064 (49252) R7 GC0 0 = game controller 0 timed out 
$C065 (49253) R7 GCl 0 = game controller 1 timed out 
$C066 (49254) R7 GC2 0 = game controller 2 timed out 
$C067 (49255) R7 GC3 0 = game controller 3 timed out 
$C070 (49264) R GCRESET Reset the game controllers 

Bank-Switched RAM Soft Switches 

Address Symbolic 
Hex (Dec) Usage Name Action Taken 

$C080 (49280) R READBSR2 Select Bank2, read BSR, write-
protect BSR 

$C081 (49281) RR WRITEBSR2 Select Bank2, read ROM, write-
enable BSR 

$C082 (49282) R OFFBSR2 Select Bank2, read ROM, write-
protect BSR 

$C083 (49283) RR RDWRBSR2 Select Bank2, read BSR, write-
enable BSR 

$C088 (49288) R READBSRl Select Bankl, read BSR, write-
protect BSR 

$C089 (49289) RR WRITEBSRl Select Bankl, read ROM, write-
enable BSR 

$C08A (49290) R OFFBSRl Select Bankl, read ROM, write-
protect BSR 

$C08B (49291) RR RDWRBSRl Select Bankl, read BSR, write-
enable BSR 

Note: Addresses $C084 ... $C087 and $C08C ... $C08F duplicate the functions of 
addresses $C080 ... $C083 and $C088 ... $C08B, respectively. 
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Peripheral-Card 1/0 Memory Locations 

110 Memory Locations 

$C090-$C09F 
$C0A0-$C0AF 
$C0B0-$C0BF 
$C0C0-$C0CF 
$C0D0-$C0DF 
$C0E0-$C0EF 
$C0F0-$C0FF 

Description 

Reserved for use by slot 1 
Reserved for use by slot 2 
Reserved for use by slot 3 
Reserved for use by slot 4 
Reserved for use by slot 5 
Reserved for use by slot 6 
Reserved for use by slot 7 
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Apple /le Page 3 Vectors 

Address 

$3D0-$3D2 

$3D3-$3DS 

$3D6-$3D8 

$3D9-$3DB 

$3DC-$3E2 

Contents 
(DOS 3.3) (ProDOS) Description 

JMP $9DBF JMP $BE00 A JMP instruction to the DOS 
3.3 or ProDOS warm-start 
entry point. A call to this 
vector will reconnect DOS 
without destroying the Ap­
plesoft program in memory. 
Use the "3D0G" command 
to move from the system 
monitor to Applesoft. 

JMP $9D84 JMP $BE00 DOS 3.3: a JMP instruction 
to the DOS 3 .3 cold-start en­
try point. A call to this vec­
tor will initialize DOS 3 .3 to 
the state it was in when it 
was first loaded and will 
clear the Applesoft program 
in memory. ProDOS: a JMP 
instruction to the ProDOS 
warm-start entry point. 

JMP $AAFD A JMP instruction to the DOS 
3 .3 file manager. 

JMP $B7BS A JMP instruction to the DOS 
3.3 RWTS subroutine. 

LDA $9D0F 
LDY $9D0E 
RTS 

387 

A subroutine that loads the 
A register with the high-or­
der address and the Y reg­
ister with the low-order ad­
dress of the DOS 3 .3 file 
manager parameter list. 
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Contents 
Address (DOS 3.3) (ProDOS) Description 

$3E3-$3E9 LOA $AAC2 A subroutine that loads the 
LDY$AAC1 A register with the high-or-
RTS der address and the Y reg-

ister with the low-order ad-
dress of the DOS 3.3 RWTS 
parameter list (called IOB). 

$3EA-$3EC JMP $A851 A JMP instruction to the DOS 
3.3 subroutine that causes it 
to accept new 1/0 links and 
reconnect itself. This sub-
routine must be called to 
properly install new 1/0 sub-
routines without affecting 
DOS 3.3 (See Chapters 6 and 
7). 

$3ED-$3EE The address of the subrou-
tine to be called by XFER 
($C314) is stored here. 

$3EF $4C A JMP opcode. (DOS 3.3 sets 
this byte but does not use it.) 

$3F0-$3Fl $FA59 $FA59 The address of the subrou-
tine to which control is to be 
passed when a BRK instruc-
tion is executed (low-order 
byte first). 

$3F2-$3F3 $9DBF $BE00 The address of the subrou-
tine to which control is to be 
passed when a RESET in-
terrupt is generated (low-or-
der byte first). 

$3F4 $38 $1B POWERED-UP BYTE. The 
reset vector at $3F2 is used 
only if the number stored 
here is equal to the logical 
exclusive-OR of the number 
stored at $3F3 and the con-
stant $AS. 

$3FS-$3F7 JMP $FF58 JMP $BE03 A JMP instruction to the 
subroutine to which control 
is to be passed when the Ap-
plesoft "&"command is ex-
ecuted. 
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Address 

$3F8-$3FA 

$3FB-$3FD 

$3FE-$3FF 

Contents 
(DOS 3.3) (ProDOS) Description 

JMP $FF65 

JMP $FF65 

$FF65 

JMP $BE00 A JMP instruction to the 
subroutine to which control 
is to be passed when the sys­
tem monitor's USER com­
mand ((CTRL-Y)) is entered. 

JMP $FF59 A JMP instruction to the 
subroutine to which control 
is to be passed when an NMI 
interrupt is generated. 

$BFEB The address of the subrou­
tine to which control is to be 
passed when an IRQ inter­
rupt is generated (low-order 
byte first). 

NOTES: All addresses are stored with the low-order byte first. 

For descriptions of the specific vectors that DOS 3.3 and ProDOS set up from $3F0-­
$3FF, refer to Tables 5-2 and 5-12 in Chapter 5. 
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Additional Programs on the 

Optional Diskette 
There are four "bonus" programs on this book's optional pro­

gram diskette that are not described within the main body of the 
text. These programs are all DOS 3.3 utility programs and will not 
operate in a ProDOS environment. Let's look at them now. 

RAMDISK 

You will recall from Chapter 5 that ProDOS defines a disk volume 
called /RAM that walks and talks just like a real disk drive but 
that is really just a block of auxiliary RAM memory residing on 
the extended 80-column text card. DOS 3.3 does not automatically 
define a RAMdisk such as this when it is started up, but you can 
run the RAMDISK program to install it into DOS 3.3. 

To run RAMDISK, enter Applesoft direct mode and then enter 
the command 

BRUN RAMDISK 

After the program starts to run, you will be asked to enter a slot 
number and a drive number for the RAM disk. The slot number 
must be between 1 and 7, inclusive, and the drive number must 
be 1 or 2. Be careful, however, not to specify a drive/slot combi­
nation that relates to an actual disk drive; if you do, then you won't 
be able to use that drive while the RAMdisk is active. 

Once the slot and drive information has been entered, the RAM 
disk will be automatically "initialized" and will be ready for use. 
You will find that, from a software point of view, it behaves exactly 
like a real disk drive, except that it has a storage capacity of only 
40K. 
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DISK MAP 

DISK MAP is a useful DOS 3.3 utility program that draws a map 
of the sector usage on a diskette on the low-resolution graphics 
screen. To run the program, enter Applesoft direct mode and then 
enter the command 

BRUN DISK MAP 

After you do this, you will be asked to insert any diskette and to 
press any key to begin. DISK MAP maps each sector on the disk 
to a unique position in a 16 x 35 rectangular grid map. The vertical 
axis of the map represents the sector number from 0 (top) to 15 
(bottom); the horizontal axis represents the track number from 0 
(left) to 34 (right). 

Differently colored low-resolution blocks are used to indicate the 
usage of any particular sector. If the block is blue, then the sector 
is in use and readable; if it is white, then the sector is in use but 
not readable (that is, the sector is damaged). If the block is grey, 
then the sector is not being used. 

DISK MAP also displays the amount of free space on the diskette 
and the volume number of the diskette. 

COMMAND CHANGER 

DOS 3.3 supports a total of 28 different commands that can be 
used from Applesoft. The names of these commands are found 
within the copy of DOS 3.3 that is stored on every initialized dis­
kette. 

You can use the COMMAND CHANGER program to change the 
command names to (almost) any other name that you prefer. There 
are only two caveats to keep in mind when entering new names: 

• the total number of characters in all 28 names must not exceed 
132. 

• one command name cannot be the same as the first part of 
another command name. For example, if you rename DELETE 
as KILL, then you can't have another command name that has 
K-1-L-L as the first four characters. 

To run the COMMAND CHANGER program, first enter Applesoft 
direct mode and then enter the command 

RUN COMMAND CHANGER 

After you do this, the first command name (INIT) will be displayed 



--------------------Appendix V C=:1 393 

in inverse video and you will be asked to enter a new name for it. 
If you prefer to keep the same name, just press <RETURN>. After 
INIT has been dealt with, the other 27 DOS 3.3 commands will be 
displayed, one-by-one, and you will be asked to redefine them as 
well. 

After all the commands have been displayed, the new commands 
will be saved to diskette. The next time that the diskette is booted, 
the new command names will be active. 

DISK VOLUME CHANGER 

Whenever you use the DOS 3.3 CATALOG command, the 12-
character phrase "DISK VOLUME " appears at the top of the list 
of files that are displayed, followed by the disk volume number. 

With die DISK VOLUME CHANGER program, you can modify 
the copy of DOS 3.3 that is stored on a diskette so that any other 
12-character phrase will be displayed instead. 

You can run DISK VOLUME CHANGER by entering Applesoft 
direct mode and then entering the command 

RUN DISK VOLUME CHANGER 

After you do this, you will be asked to enter the new 12-character 
phrase. After you enter it, it will be saved to disk on top of the old 
phrase. This means that the next time the diskette is booted, you 
will see your own phrase instead of "DISK VOLUME " whenever 
the diskette is cataloged. 
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Recent Enhancements tD 

the Apple //e 
In March, 1985, Apple Computer, Inc. announced an interesting 

enhancement to the Apple lie: four new chips to replace the 6502 
microprocessor, the character generator ROM, and the two Apple­
soft and system monitor ROMs used in the original version of the 
lie. The main reasons for the enhancement were to make the lie 
more closely compatible with the Apple lie and to facilitate the 
development of mouse-based software by including 32 graphic icons 
(called "MouseText") in the character generator ROM and rewrit­
ing the system monitor output subroutine to work with them. Other 
reasons were to allow lower-case command entry from Applesoft 
and the system monitor, to improve the way in which the lie re­
sponds to interrupts from peripherals, and to fix a few minor, but 
annoying, bugs that had been discovered in the code stored in the 
original lie ROMs. 

Despite the ROM changes, most programs written for the orig­
inal lie will run properly on the enhanced lie. Just to be safe, Apple 
informed most major software developers of the proposed ROM 
change well in advance of the public announcement so that incom­
patibility problems could be cleared up before the new ROMs were 
in the hands of general users. 

All Apple lie units manufactured after March, 1985 were shipped 
with the four new chips already installed. OwPers of the original 
lie can have the chips installed by an authorized Apple dealer for 
about $70. 

When an enhanced Apple lie is booted, the message "Apple lie" 
is displayed at the top of the screen (the original Apple lie displays 
"Apple ]["). You can also examine two identification bytes in the 
system monitor to determine what version of the Apple II you are 
using. The value stored at location $FBB3 is used to distinguish 
an Apple lie or lie from other members of the Apple II family. If 
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it's $06, then you're either working with the lie (original or en­
hanced version) or the lie. The value stored at $FBC0 indicates the 
precise version: $EA for an Apple lie with original ROMs, $E0 for 
a lie with the enhanced ROMs, or $00 for an Apple lie. 

In this appendix, we will take a close look at the lie enhancements 
and see how they improve the performance of the Apple lie. 

THE NEW MICROPROCESSOR : "65C02" 

The new microprocessor for the Apple lie is the same as the one 
used in the Apple lie, the 65C02. As its name suggests, the 65C02 
is a close relative of the 6502 that it replaces. In fact, every program 
that runs with the 6502 will also run with the 65C02 (with rare 
exceptions). The converse is not true, however, since the 65C02 
supports some ten instructions that are unknown to the 6502. Here 
are brief descriptions of these new instructions: 

BRA Branch relative always 
DEA Decrement accumulator 
INA Increment accumulator 
PHX Push the X register on the stack 
PHY Push the Y register on the stack 
PLX Pop the X register from the stack 
PLY Pop the Y register from the stack 
STZ Store zero in memory 
TRB Test and reset memory bits with accumulator 
TSB Test and set memory bits with accumulator 

The 65C02 also supports two useful new addressing modes that 
can be used by some of its instructions: absolute indexed indirect 
and zero-page indirect. 

ABSOLUTE INDEXED INDIRECT. This addressing mode can 
be used with the JMP instruction only. Its assembler form is 

JMP ($1234,X> 

The effective address is calculated by first adding the contents 
of the X-register to the address specified in the operand to get an 
intermediate location. The address stored at this intermediate lo­
cation·, and the next location, is the effective address, the address 
to which the JMP instruction will pass control. 

ZERO-PAGE INDIRECT. The operand for this addressing mode 
is a single byte that represents a location in zero page. The effective 
address is simply the address stored at this and the very next 
location. This means that the zero-page indirect mode is the same 
as the 6502's zero-page indexed indirect mode, but without the X 
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indexing. An instruction of the form 

STA C$EO> 

is used with an assembler to indicate that the zero-page indirect 
mode is to be used. 

There are several minor differences between the 6502 and 65C02 
that may affect the performance of some programs. For example, 
the cycle times for some instructions are different, the BIT instruc­
tion behaves differently when the immediate addressing mode is 
used, and an indirect JMP command on a page boundary is handled 
differently. (Because of a 6502 design error, a JMP ($xxFF) instruc­
tion transfers control to the address stored at $xx00 and $xxFF, 
not $(xx+ 1)00 and $xxFF, as might be expected. This instruction 
behaves properly on the 65C02.) 

Read the data sheet for the NCR Corporation version of the 65C02 
for detailed descriptions of its instruction set and addressing modes. 

By the way, the "C" in 65C02 stands for CMOS, an acronym for 
Complementary Metal Oxide Semiconductor. This is the name for 
the process used to manufacture the transistors that form the 65C02 
integrated circuit. A CMOS integrated circuit consumes far less 
power than a functionally identical circuit built using conventional 
technology. It will run cooler and can be operated by a smaller 
power supply. 

THE NEW CHARACTER GENERATOR 
ROM : "MouseText" 

The new character generator ROM contains the definitions of 
thirty-two graphic icons that can be displayed on the screen if the 
//e's alternative character set has been turned on. (It is automati­
cally turned on when you enter a PR#3 command to enter the 80-
column display mode.) This set of icons is called MouseText and 
is shown in Figure VI-I. As you can see, MouseText is made up of 
many useful symbols, such as representations of the two "Apple" 
keys, different kinds of arrows, shading blocks, and so on. Some 
of the icons can even be displayed next to one another to create 
other useful images, such as a running man or a file folder. As the 
name Mouse Text suggests, the icons are meant to be used primarily 
in programs that use the Apple Mouse input device to point to and 
select commands and functions. 
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Mouse Text ASCII Video RAM 
ICON character value 

• @ $40 
a A $41 
.... B $42 
I: c $43 
v D $44 • E $45 

" F $46 - G $47 ""-
~ H $48 
... I $49 

+ J $4A 
t K $48 - L $4C 
~ M $40 

• N $4E 
:! 0 $4F 
~ p $50 
+. Q $51 
.; R $52 
- s $53 
L T $54 
-+ u $55 
I v $56 
I w $57 
c x $58 
::::. y $59 
I z $5A 

• [ $58 -- I $5C 
.IL ] $50 ,r 
::J /\ $5E 
I - $5F 

Figure Vl-1. The MouseText character set. 
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A MouseText icon is displayed on the video screen whenever a 
number between $40 and $SF is stored in the //e's video RAM 
memory. With the original lie RO Ms installed, these numbers cor­
respond to inverse upper-case characters and six special symbols. 

New subroutines in the //e's 80-column firmware make it quite 
simple to display MouseText using standard Applesoft PRINT 
statements. To do this, you must follow these steps (after the 80-
column firmware has been activated): 

• Turn on inverse video. 
• Enable the firmware's handling of MouseText. 
• Print the standard ASCII characters that correspond to the 

special MouseText characters that are to be displayed (see Fig­
ure VI-1). 

• Turn on normal video. 
• Disable the firmware's handling of MouseText. 

Here is a short program that prints out the entire MouseText 
character set: 

100 PRINT CHR$C4); 11 PR#3 11
: REM SELECT SO-COLUMN FIRMWARE 

200 PRINT CHR$C27>; 
30 0 PR I NT CHR$ C 15 >; 11 @ABCDEFGH I JKLMNOPQRSTUVWXYZ C \ l A_ 
11 ;CHR$C14>; 
400 PRINT CHR$C24) 

Here is what the four control characters in lines 200 through 400 
are used for: 

•CHR$C27> 

•CHR$C15> 
•CHR$C14> 
•CHR$C24> 

Tells the firmware to display MouseText 
characters. 
Turns on inverse video. 
Turns on normal video. 
Turns off the MouseText feature. 

When the display of MouseText has been enabled and reverse 
video is on, the 80-column firmware converts printed characters 
having ASCil codes from $C0 ('@')through $DF('_') to the MouseText 
characters having codes from $40 through $SF. Thus, in the above 
program you will not see a reverse video display of standard ASCII 
characters, but rather the complete MouseText character set. 

THE NEW SYSTEM MONITOR 

All system monitor commands can now be entered in upper- or 
lower-case characters. Other improvements are the inclusion of a 
search command and a simple assembler, and the ability to specify 
ASCII codes by character rather than by hexadecimal code. 
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Entry of ASCII Characters 

ASCII characters can now be used with the system monitor STORE 
command(":"), or any other monitor command, in a much more 
convenient way. Rather than entering the hexadecimal ASCII code 
for a character, you can precede the character itself with a tick 
mark (" '"). (That's the character marked on the key to the im­
mediate left of RETURN.) For example, use 'G instead of C7 when 
you want to enter the ASCII code for G. 

Here's what to enter to place the word "Inside" into memory 
beginning at $300 (don't type the asterisk-it's just the monitor's 
prompt symbol): 

•300:'1 'n's 'i 'd 'e 

Notice that each ASCII character is separated from the next by 
a blank space. 

The Search Command 

The new system monitor ROM includes a search command that 
allows you to find one- or two-byte patterns stored in a specified 
area of memory. To find a two-byte pattern, say "ED FD", in the 
standard system monitor area beginning at $F800 and ending at 
$FFFF, you would use the command 

•FDED<F800.FFFFS 

When a matching pattern is found, its address is displayed on 
the screen followed by a hyphen. 

Notice that the byte pattern specified in the command line is 
the reverse of the actual pattern to be found. Also, there is no blank 
space between the two search bytes. 

To find the occurrence of a single byte, say the ASCII code for 
"L", anywhere in the block from $2000 to $2FFF, use the command 

*'L<2000.2FFFS 

You can, of course, specify the ASCII code for "L" instead of 
using the tick notation. 

The Mini Assembler 

Another useful addition to the system monitor is a "mini assem­
bler" that can be used to quickly enter 6502 programs in assembly 
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language (mnemonic) form rather than machine language (hex­
adecimal bytes) form. Unfortunately, the mini assembler does not 
recognize the ten new instruction mnemonics that are unique to 
the 6SC02. 

To enter the mini assembler from the system monitor, enter the 
"!"command. After you do this, the mini assembler's"!" prompt 
symbol will appear and you can start entering a program. 

To enter a program line, first type in the address of the 6502 
instruction, a colon, and then the instruction mnemonic and its 
operand. If you do this properly, the starting address of the in­
struction, the hexadecimal bytes for the instruction, and the in­
struction mnemonic and operand will be displayed. If you make a 
mistake, you will hear a beep, the line will be reprinted, and a""" 
will appear beneath the character that caused the error. 

After the first line has been successfully entered, you can enter 
subsequent lines just by typing a space and then the next instruc­
tion; the code generated will be placed in succeeding memory lo­
cations. 

The mini assembler assumes that all numbers and addresses that 
you enter are in hexadecimal form, even if a leading "$" sign is 
not used. The instruction mnemonics and operand formats that it 
recognizes are the standard ones used by most assemblers. How­
ever, symbolic labels for memory locations or data cannot be used 
as with standard assemblers. 

To leave the mini assembler and return to the system monitor, 
press [RETURN] at the beginning of any line. 

Changes in Escape Sequences 
Two new keyboard escape sequences have been added to the 

//e's standard input subroutine: ESC [control-DJ and ESC [control­
E]. 

ESC [control-DJ is used to disable the printing of any control 
characters that are sent to the standard output subroutine, other 
than the codes for carriage return ($8D), line feed ($8A), backspace 
($88), and bell ($87). The //e reacts in special ways to several other 
control characters that are sent to its output subroutine when the 
80-column firmware is being used. For example, if a [control-U] 
character is printed in 80-column mode, the 40-column display 
will be turned on. This is a handy way of exiting 80-column mode, 
but what if you happen to be communicating with a remote com­
puter through a modem and it sends you a [control-U] character 
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for some reason? Before you know it, you will pop out of 80-column 
mode and you will be left scratching your head wondering what 
happened. To avoid this type of trouble it is best to enter the ESC 
[control-DJ sequence before running such a program. You can re­
enable the handling of the control codes later by entering the ESC 
[control-E] sequence. 

The upper-case restrict escape sequences, ESC Rand ESC T, are 
not supported by the enhanced ROMs. In the original ROMs, these 
sequences are used to activate and deactivate an input mode where 
all lower-case text that is not entered within quotation marks is 
converted to upper-case. This mode is no longer required since 
Applesoft and system monitor commands can now be entered in 
both upper- and lower-case characters. 

Improvements in Interrupt Handling 

Interrupts are handled badly on the Apple II, Apple II Plus, and 
the original Apple lie because both DOS 3.3 and the system monitor 
use location $45 for data storage and this location is overwritten 
when an interrupt occurs. With the enhanced lie ROMs in place, 
however, the integrity of $45 is preserved and interrupts are han­
dled properly. 

The interrupt request (IRQ) interrupt vector on the enhanced 
lie (at $FFFE/$FFFF) now points to $C3FA, the address of the mon­
itor's interrupt handling subroutine. This subroutine ultimately 
passes control to NEWIRQ at $C400. 

NEWIRQ is responsible for saving the state of the system when 
the interrupt occurs and then setting it to the following standard 
state: 

• Main memory is active for reading and writing 
• The ROM space from $D000 to $FFFF is active 
• The main stack and zero page are active 
• The main text page is active 
• If the alternative stack is active, the current stack pointer is 

stored at $101 (in the alternative stack) and the main stack 
pointer is set equal to the value stored at $100 (in the alter­
native stack). For this scheme to work properly, any program 
that turns on the alternative stack must also store the value of 
the main stack pointer at $100. Here's the code that will do 
the trick: 

PHP 
SEI 

;Save status 
;Disable interrupts for this 
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STA $C009 ;Turn on alternative stack 
TSX ;Transfer SP to X 
STX $100 ;Save main SP 
PLP ;Restore interrupt status 

After this has been done, the alternative stack pointer can 
be set up. 

Once this standard state has been set up, the interrupt handler 
calls the user's own interrupt handler (its address is stored at $3FE/ 
$3FF). After it finishes (with an RTI instruction), the original state 
of the system is restored, and control returns to the interrupted 
program. 

Slot 3 Peripheral Cards 

When the original Apple lie is turned on, or RESET is pressed, 
the internal slot 3 firmware is always enabled if an 80-column text 
card is installed, or disabled if it is not. 

The situation is different with the enhanced Apple lie. If there is 
a peripheral card installed in slot 3 that has the following two 
identification bytes: 

$C305 = $38 
$C307 = $18 

then the peripheral card slot 3 firmware is turned on, even if an 
80-column text card is also installed. This means that the slot 3 
peripheral will be used when a PR#3 command is entered, and 
not the 80-column text card. 

The firmware in a slot 3 peripheral card must contain a special 
sequence of four instructions beginning at $C3F4 to support the 
//e's new internal interrupt handling subroutine: 

$C3F4: STA $C081 ;Read ROM, write RAM 
JMP $FC7A ; 
BIT $C015 ;Get INTCXROM status 
STA $C007 ;Select internal ROM 

If these instructions are not present, you will not be able to use 
interrupts on the new lie. 

OTHER CHANGES 
• Applesoft commands can now be entered in upper- or lower­

case characters. 
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• It is possible to boot directly from a Profile hard disk when 

the lie is turned on or RESET is pressed. 
• The bug-induced ESC [control-L] sequence that transfers con­

trol to $4CCE has been removed. 
• The code for the Applesoft HTAB, TAB, SPC, and PRINT com­

mands has been rewritten to ensure that these commands work 
properly in 80-column mode. 

• Even or odd window widths are now supported. 
• The Applesoft GET command and the monitor RDKEY ($FDOC) 

subroutine will now return the ESC or right-arrow keycode. 

For more information on the Apple lie enhancements, see About 
Your Enhanced Apple lie: Programmer's Guide, a publication of Ap­
ple Computer, Inc. This book also contains a source listing of the 
new system monitor ROM. 
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