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INTRODUCTION

This is the User Reference Manual Tor the Apple Il and Apple 11 Plus personal computers. Like
the Apple iself, this book = a0 toel. As with all tooks, vou should know a hitle about it belore
Wik 5L Lo se .

This book will not teach you how 1o program, It is o book of Gacts, notl methods. I vou have
just unpacked your Apple, or vou do not know bow 1o program in any of the languages availahle
for it, then before you continue with this book, read one of the sther manuals sccompanying
yvour Apple. Depending upon which variely of Apple you have purchased, you should have
received one of the lTollowing:

Apple 1l BASIC Programming Manual
(part number A2LNO0DS)

The Applesoft Tutoerial
[part number A2LMNERD

These are tutorial manuals (or versions of the BASIC langeage available on the Apple. They also
nclude complele instruchions on selting up your Apple. The Bibliogruphy al the end of 1his
manual lisis other books which may interest you.

There are a few different varicties of Apples, and this manual applies 1o all of them, | is possible
that some of the features noted in this manual will nel be available on vour particular Apple. In
places where this manual mentions leatures which are ot universal to all Apples, it will use a
{potnote 1o warn vou of these differences.

This manual describes the Apple 1 computer and i1s parls and procedures. There are sections on
the System Monitor, the mpul/outputl devices and thewr operation, the internal organization of
memaory and input/outpat devices, and the actual electronic design of the Apple nself. For infor-
mation on any other Apple hardware or soltware product, please refer 1o the manual sccompany-
img that product.



RADIO AND TELEVISION INTERFERENCE

The equipment described in this mamial generates amd uses radio

frequency energy. If it {5 mot installed and used properly, that is
in strict accordance with our instructions, it may cause interference
to radio and television reception.

This equipment has been tested and complies with the limdts for a
Class B computing device Iin sccordamce with the specifications inm
Subpart J of Part 15 of FOC rules. These rules are designed to
provide reasonable protectlion agaimst such interferemce in a
resldential imstallation. However, there ia mno guarantee that the
interference will mt occur in a particular installation.

You can determine whether vour computer is causing interference by
turning it of f. If the interference stops, it was probably caused by
the computer. If your computer does cause interference to radio or
television reception, ¥ou can try to correct the interference by
uaim one or more of the following measures:

Turn the TV or radio antenna until the interference stops.
= HMHove the computer to one side or the other of the TV or radio.
= Move the computer farther away from the TV or radio.

= Plug the computer into an outlet that is on a different clrcuit

from the TV or radio. (That is, make certain the computer and the TV

or radio are on circuits controlled by different circuit breakers or
fuses.)

If mecessary, vou should consult your dealer or an experienced
radio/television technician for additional suggestions. You may find

the following booklet prepared by the Federal Communications
Commission helpful:

"How to Identifv and Resolve Radio-TV Intetference Probhlems"

This booklet is avallable from the U.5. Govermment Printing Office,
Washington, DC 20402, Stock mumber @@4-@@@-@@345-4,



CHAPTER 1
APPROACHING YOUR APPLE




For detailed information on seiting ap vour Apple, refer to Chapler | of either the Apple BASIC
Programming Manual or The Applesofi Twiorial.

Im this manual, all directiond] instroctions will nefer 1o this orsentation: with the Apple's
ypewriter-hke keyboard facing vou, “front™ and ““down'" are towards the keyboard, “back”™ Jnd
"-.a||1'I are pway.  Hemowve the hd of the Apple by prving up the back edge untel 1 "|1|||1'-.'"_ 1 hen

pull straighn back on the Did amd 00 i off

This is what you will see;

Power Supply

Miain Board
Speaker

Pliata 1. The Apple 11,

THE POWER SUPPLY

The metal box on the lefi side of the imterior is the Power Supply. It supplies Tour vollages
+5v, =52y, +118v, and —12.00v. I 15 a high-Trequency " switching ™ -lype power supply, with
many prolective features to ensure that there can be no imbalances between the different sup-
plezs.  The mam power cord for the compuier plugs directly mio the back of the power supply
The power-on switch s also on ihe power supply msell, 1o protect vou and your fingers from
pecidentally becoming part of the high-voltage power supply cireuii

Pt
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110 wedt model | 1O 220 volt model

Phote 2. The back of the Apple Power Supply,
THE MAIN BOARD

Ihe large green printed circunt board which takes up most of the bottom of the case is the com-
puter sell. There are two slightly different models of the Apple 11 main board: the original
{Revision @) and the Revision | board, The slight differences between the two lie in the elec-
tronies on the board. These differences are discussed throughout this book, A summary of the
differences appears in the section “*“Varieties of Apples™ on page 15

On this board there are about eighty imegrated circuits and 2 handiul of sher components. In
the center of the board, just in front of the eight godd-toothed edge connectors 1 °slots™ ) al the
rear of the board, is an integrated circuit Larger than all others. This is the bram of yvour Apple
I is a Synertek/MOS Technodogy G582 microprocessor. o the Apple, i1 runs al a rate of
102300 machine cycles per second and can do over five hundred thousand sddinon or subtrac-
tion operations in one second. 1t has an addressing range of 65,536 cight-bil bytes. 1 repertory
includes 56 instructions with 13 addressing modes. This microprocessor and other versions of il
are used in many computers systems, as well as other types of electronic equipment.

Jusi below the microprocessor are six sockels which may be filled with from one to six slightdy
smaller mtegrated circuits, These ICs are the Read-Only Memory (ROM) ““chips™ for the Apple
They contain programs for the Apple which are available the moment vou turn on the power
Many programs are available in ROM, including the Apple System Monitor, the Apple Aulostart
Monitor, Apple Integer BASIC and Applesolt 11 BASIC, and the Apple Programmer s Aid & 1 util-
ity subrouting package. The number and contents of vour Apple’s ROMs depend upon which
tvpe of Apple vou have, and the accessories you have purchased.

Right below the ROMs and the central mouniing nut is an ares marked by a white square on the
baoardd which encloses iweniy-four sockels for integrated circuits. Some or all of these may be
filbedd with ICs. These are ihe main Bandom Access Memory (RAM) “chips™ for your Apple.
An Apple can hold 4,096 o 49 152 byies of RAM memory in these three rows of components.®
Each row can hold eight 1Cs of gither the 4K or 16K vanety. A row must hold eight of the same

You (un extend your RAM memory to 64K by purchasing the Apple Language Card, pari of the Applo
Lasguage Sysem (par mumiber A, TR

St



type of memory components, buil the iwo iypes can both be used in various combinations on
different rows 1o give nine different memary sizes,® The RAM memory is used 1 hold all of the
programs and data which you are using at any particular time.  The information stored in EAM
disappears when the power is turned off.

The other components on the Apple 1l board have various functions: they control the Mlow of
information from one part of the computer to ancther, gather data from the ouiside world, or
send mformation to yvou by displaying i1 on a television screen or making a noise on 4 speaker.

The cight long peripheral slots on the buck edge of the Apple’s board can cach hold o peripheral
card 10 allow vou 1o extend vour RAM or ROM memory, or to connect yvour Apple o a printer or
other input/output device, These shns are somelimes called the Apple’s “backplane™ or
“*maother board ™

TALKING TO YOUR APPLE

Your link to your Apple is at your fingertips. Most programs and languasges that are used with
the Apple expect you 1o lalk to them through the Apple’s keyboard, It looks like a normal 1ype-
writer kevboard, except for some nunor rearrangement and a few special keys, For a quik
review on the keyboard, see pages 6 through 12 in the Apple 11 BASIC Programming Manual
of pages > through 11 in The Applesaft Tutorial.

Since vou're talking with your fingers, you might as well be hearing with your eves, The Apple
will tell vou what o is doing by displaying letters, numbers, symbaols, and sometimes colored
blocks and lines on a black-and-white or color television sel.

" Thoe Apple s designed b use bolk the [6K and the loss expensive 4K BRAMs However, due 1o the gredler
avaliblily aind rediked cost ol ihe 16K chips, Apple now supplics only ihe 6K B A Ms,



THE KEYBOARD

The Apple Keyboard
Mumber of Kevs: 52
Coding:  Upper Case ASCII
Mumber of codes: 91
Outpul:  Seven bits, plus sirobe

Power requirements:  +5v al [20mA
= 12v a1 S0mA

Rollover: 2 key

Special keys: CTRL
ESC
RESET
REPT

— —

Memory mapped locations: Hex  Decimal
Data  SCéa 49152 -16384
Clear  SCé10 49168 16308

The Apple 11 has a built-in 32-key typewrniter-lhike kevboard which communicates using the Amer-
wun Standard Code for Information Interchange (ASCH®. Ninety-one of the 96 upper-cise
ASCH characters can be generated directly by the keyboard, Table 2 shows the kevs on the key-
board and their associated ASCH codes. “"Photo™ 3 s a diagram of the keyboard.

The kevboard 15 clectrically connected (1o the main arcuil board by a lé-conductor cable with
plugs at each end that plug into standard integrated Gircuil sockets. One end of this cable is con-
nected 1o the keyboard: the other end plugs into the Apple board’s keyboard connector, near the
very front edge of the bourd, under the kevboard itsell. The electrical specifications for this con-
neclor are given on page 102,

Most linguages on the Apple have commands of stmements which allow your program to accepl
input from the kevboard quickly and casily (for example, the INPUT and GET statements in
BASICY, However, vour programs can also read the keyboard directly,

* Al ASCH oodes useld by the Apple mormally have their high Bl sed. This & ihe same & standard mark-
pamy ASCH
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“Phote'" 3. The Apple Kevhaard.

READING THE KEYBOARD

I'he keyboard sends seven bats of information which together form one character. These seven
bits, along with another signal which indicates when a key has been pressed, are available 10 maost
programs as the contents of a memory location, Programs can read the current state of the key-
board by reading the conents of this location, When you press a key on the kevboard, the value
in this locatkon becomes |28 or grealer, and the particular value il assumes is the numernc code
for ithe characier which was fyped, Table 3 on page 8 shows the ASCIT characters and their asso-
ciated numerne codes. The location will hold this one value until you press another key, or unitil
wvour program tells the memory location 1o forgel the character in"s holding.

Once vour program has accepted and understood a keypress, it should tell the keyboard's memory
location o *release’ the character it is holding and prepare (0 receive a4 new one. Y OUr program
can do this by referencing another memory location. When you reference this ether location, the
value contained in the first location will drop below 128, This value will stay low unlil you press
another key. This action is called “*clearing the keyvboard strobe™. Your program can either read
of write 1o the special memory location; the data which are written 10 or resd from that location
are irrelevant. I is the mere reference 10 the location which clears the kevboard strobe. Once vou
have cleared the keyboard sirobe, you can still recover the code lor the Key which was last
pressed by adding 128 (hexadecimal S88) (o the value in the kevboard location,

These are the special memory locations used by the keyboard:

_Table 1: Keyboard Special Locations

| Location: =

Hex [ecimal
SCA® 49151  -16384  Keyboard Data

SCAIR 49168 -16368  Clear Keyboard Sirobe

Descriplion

The [RESET] key at the upper right-hand corner does not generate an ASCII code. but instead is
directly connected to the microprocessor. When this key is pressed, all processing stops. When
the key is released, the computer starts a resel cycle. See page 36 for a descrniption of the RESET
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The [CTRL] and [SHIFT] keys generate no codes by themselves, but only alter the codes produced
by olher Keys.

The E!:Fﬂ key, if pressed alone, produces a duplicate of the last code that was generated. If you

press and hold down the |l!-‘.!‘_l'_! key while vou are holding down a characier key, 11 will act as if
you were pressing that key repeatedly at a rate of 10 presses each second. This repetition will

cease when yvou release either the character key or :

The POWER light at the lower leli-hand corner 15 an indicator lamp to show when the power 1o

the Apple is on.
Table It Keys and Their Associated ASCI Codes
Key | Alone CTRL SHIFT  Both Key | Alone CTRL SHIFT Both
space | JA@ SA9 SAR SA® || RETURN | 58D 8D 88D SED
@ | Shd SHd sha SB G| SC7 S87 SC7 387
I! Shl SB1 SAl Al H| SCB 583 SCB SER
r SH2 SB2 SA2 SA2 I SC9 539 SC9 589
I SR} SB3 A3 8A3 1| SCA 3EA SCA S8A
4% Sh4 SB4 A4 A4 K SCH SER SCH 5B
% SB35 SB35 BAS A5 L | $CC SRC SCC SHC
e Shé SB6 SAH SAL M | SCD SED SDD 89D
| sB7 SB7 A7 SAT N SCE S8E 3DE S9E
8 | SBR SBY A8 SAR 0| SCF S8F SCF  S8F
9] SHY SHY A9 A9 PE | SDE So@ SCW SEA
= | SBA SBA SAA  SAA Q| SDI s91 S1 S91
= BB BB SAR SAB R S2 £92 $02 £92
< | SAC SAC SBC SBC S| SD3 £93 S03 $91
—= | SAD SAD SBD 3BD T | SD4 94 D4 594
> | SAE SAE SBE SBE U | SD5 895 S5 §93
/7 | 'SAF SAF SBF SBF V| SDé 96 D6 596
A | 31 1.1 SC1 $81 W SD7 597 SD7 ga7
B| SC2 $82 $C2 382 X SD8 98 SD3 SOR
C | $C3 383 SC3 883 ¥ SO 599 SD9 599
D | 5C4 S84 SC4 584 Z | SDA 39A SDA $9A
E| SC5 385 SCS 585 — S8R SEE S8k SRR
F| 3Cé6 S86 SCh 586 v 595 895 §95 395
ESC | 59B 9B 598 598 ]

All codes are given in hexadecimal. To find the decimal equivalenis, use Table 3.



Decimal:

b1
51
52
53
54
$35
%6
$7
%8
39
SA
SH
sC
5D
SE
$F

e
i LA

Hex:

Table 3: The ASCII Character Set

128 144 168 176 192 28 22 244
5@ W SA@ SBR 3C@ 3ID@ SER SFR
nul  dle A cH p
soh del ! I A O & g
six  dcl " 2 B R b r
elx decl # 3 C S ¢ 5
eot  dod 3 4 (5] T d 1
enqg nak £ 5 E LI e u
ack syn & [} F v f ¥
bel eth ; 7 G W g W
bs  can { 8 H X h X
hi em ¥ 9 I Y i ¥
If sub * r J A i Fi
vi  esc - . K { k f
f fs < L \ | ]
o s - - Y| | m |
%0 rs 2 = N 3 n k
e _f_ L 8 9 b

Groups of two and three lower case letters are abbreviations for standard ASCII control charac-

lers

Mot all the characters listed in this table can be generated by the keyboard. Specifically. the char-
aclers in the two rightmost columns (the lower case letiers), the symbols [ (left square bracket),

{backslash), _ (underscore), and the controd characters “'fs", “'us',

on the Apple keyboard,

and *‘rub’’, are not availlable

The deamal or hexadecimal value for any character in the above table i1s the sum of the decimal
or hexadecimal numbers appearing al the top of the column and the left side of the row in which

the characier appears.



THE APPLE VIDEO DISPLAY

Display 1ype:

Display modes:

Text capacity.
Character type:
Character set:
Character modes:

Ciraphics capacily:

Mumber of colors:

The Apple Video Display

Memory mapped into system BAM

Text, Low-Resolution (Graphics,
High-Resolution Graphics

Q60 characters (24 lines, 40 columns)
5 x T dot malrix
Lipper case ASCI, &4 characters
Mormal, Inverse, Flashing
1,920 blocks {Low-Resolution)

in a 40 by 48 array
53,760 dots {High-Resolution)

in a 280 by 192 array

16 {Low-Resolution Graphics)
& {High-Resolution Graphics)

THE VIDEO CONNECTOR

In the right rear corner of the Apple 1l board, there is a metal connector marked “VIDEG™,
This connector allows you to attach a cable between the Apple and a closed-circuit video monitor.
One end of the connecting cable should have a male RCA phono jack 1o plug into the Apple, and
the ather end should have a connector compatible with the particular device you are using. The
signal that comes out of this connector on the Apple is similar to an Electronic Indusiries Associ-
ation (ElA)-standard, National Television Standards Committee (NTSC)-compatible, positive
composite color video signal. The level of this signal can be adjusted from zero to 1 volt peak by
the small round potentiometer on the right edge of the board about three inches from the hack of

the baoard,

A non-adjustable, 2 volis peak version of the same video signal is available in two other places:
on a single wire-wrap pin® on the left side of the board aboutl two inches from the back of the
board, and on one pin of a group of four similar pins also on the left edge near the back of the
board. The other three pins in this group are connected to —35 wvolts, +12 volls, and ground.

Sec page 97 for a Mull description of this auxiliary video connector.

* This pin is npd presend in Apple [ systems with the Revision @ board.
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Fhotn 5. Furapple (50 hzd Jumper Pads.

| Texl The Appke can displas M lines of numbers, special symibols, and Upper-case letlers
with 40 of these characiers on each linge. These characiers are Tormed in a dot matnx 7 dots
high and 3 dots wide, There is a one-doi wide space on either side of the character and a one
clar h !.'J: Speice abkove each line

Low-Resolution Graphics. The Apple can present 1,920 colored sguares inoan array 40
Rlocks wide and 48 blocks high, The color of cach block can be selected from a set of sixteen
different coloss. There 15 no space between blocks, s0 that any two adjscent blocks of the
same color ook like a single, larger block

1} High-Resolution Graphics. The Apple can also display colored dots on a matrnix 280 daots
wide and 192 dots high. The dots are the same siz¢ as the dots which make up the Text char-
aclers. There are six colors avalable in the High-HEesolution CGrraphics mode: black, white, red,
blue, green, and wviolel® Each dol on the sereen can be either Black, white, or a cofor,
although ol all cobors are avalkaeble Tor every dod

When the Apple s displayvimg a parocular tvpe of inlormation on the screen. 10 1% sod o be in
thal parncular “maide’ Thus, if vou see words and numbers on the sereen. vou can reasonahbily
be assured thal your Appie 15 in laxt myode Semmlarky, ol vou see g sereen full of muelicolored
blocks, vour computer is probably in Low-Resolution Graphics mode., You can also have a four

lime ““caption™ of text il the boltom of eithéer type of graphics screen, These four lines replace

" For Applés with Bevisien @ Boards, thére are Toar coloes: Bleck, sBilg, g

# - Iy mal e | FY)
P, andd vl



Auxihary Video
{uipul Conneclor

Auxiliary Video Pin

Level Adusiment
Potentiometer

:.“;n_ Color Trim
Adpusiment

PFhoto 4. The Video Connectors and Potentlometer.
EURAPPLE (50 HZ) MODIFICATION

Your Apple can be modified o generate a video signal compatible with the CCIR standard used
in many Furopean countries. To make this modification, just cut the two X-shaped pads on the
right edge of the board about ning inches from the back of the board, and solder together the
three O-shaped pads in the same locations (see photo 51, You can then conpect the video con
neclor of your Apple to a Ewropean standard closed-circuit black-and-white or color video moni-
tor. |F vou wish, you can obiain a " Eurocolor ™ encoder fo converl the video signal inte a PAL or
SECAM standard color television signal suitable for use with any European ielevision receiver
Ihe encoder is a small printed circunt board which plugs into the nightmost peripheral shot (slot 7)
i vour Apple and connects to the single auxibiary video aulpal pin

WARNING: This modification will void the warraniy on vour Apple and requires
the installation of a different main cryvstal. This modilicanen s nor for beginners

SCREEN FORMAT

Three different kinds of information can ke shown on the video display to which vour Apple 15
connecied:

i



the lower 8 rows of blocks in Low-Resolution Graphics, leaving a 40 by 40 array. In High-
Resolution Graphics, they replace the bottom 32 rows of dots, leaving a 230 by 160 mairix. You
can use these ““mixed modes” o display 1ext and graphics ssmultaneously, but there 15 no way 1o
display both graphics modes al the same time

SCREEN MEMORY

The video display uses informalion in the system’s RAM memory 1o generate s display. The
valug of a single memory location controls the appearance of a certam, fixed object on the screen.
This object can be a character, two stacked colored blocks, of a line of seven dots. In Text and
Low-Resolution Graphics mode, an area of memory containing 1.024 locations 15 used as the
spurce of the screen information. Text and Low-Resolution Graphics share this memory area. In
High-Resolution Giraphics mode, a separate, larger area (8,192 locations) is needed because of
the greater amount of information which is being displayed. These areas of memory are wsually
called ““pages’”. The area reserved for High-Resolution Graphics is sometimes called the “picture
buffer” because it is commaonly used 1o store & picture of drawing

SCREEN PAGES

There are actually rwo areas from which each mode can draw its information. The first area is
called the “primary page’” or “Page 1'°. The second area is called the “'secondary page™ or
“Page 2°7 and i an area of the same size immediately following the first area. The secondary
page 15 uselul for storing prctures or text which you want to be able to display instantly, A pro-
gram can use the two pages 1o perform animation by drawing on one page while displaying the
other and suddenly Ripping pages.

Text and Low-Resolution Graphics share the same memory range lor the sccondary page, jusi as
they share the same range for the primary page. Both mixed modes which were described above
are also available on the secondary page, bul there 15 no way to mix the two pages on the same

SCreen,
Table 4: Video Display Memory Ranges
Begims at: Ends al:

N Page Hex  Decimal _
Text/Lo-Res  Primary Sdid 1824 STFF 2847

Secondary  SEi 2848 SBFF k1.0
Hi-Res Primuary S0 B192 SIFFF 16383

Secondary  S4008 16384 S$SFFF 24575

SCREEN SWITCHES

The devices which decide between the various modes, pages, and mixes are called “soft
swilches™, They are switches because they have two positions (for example: on or ofl, lext or
graphics) and they are called "'sof1™ because they are controlled by the solitware of the computer,

12



A program can “‘throw™ a switch by referencing the special memory location for that switch, The
data which are resd Trom or written 1o the location are irrelevant: il 1% the seference fo Hre address
of the location which throws the switch,

[here are eight specizl memory locations which contred the setling of the soft switches for the
screen. They are set up in pairs; when you reference one location of the pair you turn ils
corresponding mode “"on’ and its companion mode “ofl™. The pairs are:

_Table 5: Screen Soft Switches

Locatinn:
Hex Drecimal

e

SCAS8 49231 -16384  Display a GRAPHICS mode.
SCAS1 49233 -16303  Display TEXT mode.

SCR52 49234 -16382  Display all TEXT or GRAPHICS.
SCS3 49235 16301 Mix TEXT and a GRAPHICS mode.*
(SCWS4 49214 16308 Display the Primary page (Page 1)
| SCW55 492137 -16299  Display the Secondary page APage ). |
SCPS6 49238 16298 Display LO-RES GRAPHICS mode
SCHST 49239 16297 Display HI-RES GRAPHICS mode.*

e

Description:

There are ten distinet combinations of these switches:

Table 6: Screen Mode Combinations

Primary Page Secondary Page
Sereen Smlr:hea | _§L‘i|:_|;n Swilches
All Texi SCP54 SCRS1 | Al Tex SCPR5S  SORS]

All Lo-Res  SCBS4  SCBS6 | All Lo-Res  SCBSS 50856
Graphics SCH52  SCB59 | Graphics SCH52  SORse
All Hi-Res  SCP54  SC@5T || All Hi-Res  SCBS5  SCRST
Ciraphics SCP52 S8 || Graphics SCB52  S5CR

Mixed Text  SC@54  SC@56 || Mixed Text  SCB55  SCRS6
and Lo-Res  SCB53  SCO5M | and Lo-Res  SCO53 50050

Mixed Text  $C®54  SC@57 || Mixed Text SCB55  SC@57
Land Hi-Res  $CBS3  SCOS@ | and Hi-Res  SCAS3  5C@50

{Those of vou who are learned i the ways of binary will immedistely cry out, **Where's the
other six?!”, knowing full well that with 4 two-wiy switches there are indeed soveen possible
combinations. The answer 10 the mystery of the six missing modes lhes in the
TEXT/GRAPHICS switch, When 1the computer is in Text mode, it can also be in onc of six
combinations of the Lo-Res/Hi-Res graphics mode, “mix"’ mode, or page selection. Bul since
the Apple 1s displaying text, these different graphics modes are invisible, )

To sel the Apple into one of these modes, a program needs only 1o refer to the addresses of the
memory locations which correspond to the switches that set that mode. Machine language pro-
grams should use the hexadecimal addresses given above: BASIC programs should PEEK or
POKE their decimal equivalents (given in Table 5, “'Screen Soft Switches', abovel. The
switches may be thrown in any order. however, when switching into one of the Graphics modes,
i 5 helpful 10 throw the TEXT/GRAPHICS switch last.  All the other changes in mode will then
take place invisibly behind the text, so that when the Graphics mode is set, the finished graphics

* These modes are only visshle of the “Desplay GRAPHICS swiich is “on™,
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Photo 6. The Apple Character Set.

[able 7 gives the decimal and hexadecimal codes for the 64 characiers in normal, inverse, and

Nashing display modes



ASCII Screen Characters

Table 7
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Figaure 1. Map of the Text Screen
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Figure 1 is 4 map of the Apple's display in Text mode, with the memaory location addresses for
each characier posilion on 1he Seréen.

THE LOW-RESOLUTION GRAPHICS (LO-RES)
MODE

In the Low-Resolution Graphics mode, the Apple presents the contents of the same 1,024 loca-
tions of memory as s in the Text mode, but in a different format. In this mode, each byte of
memory is displayed not as an ASCIH character, but as two colored blocks, stacked one alop the
other. The screen can show an array of blocks 40 wide and 48 high.  Each block can be any of
sixteen codors. On o black-and-white television set, the colors appear as patterns of grey and
white dots,

Since cach byte in the page of memaory for Low-Resolution Graphics reoresents two blocks on the
screen, stacked vertically, each byie is divided into two cgual sections, called (appropriately
enough} “nybbles’”. Each nybble can hold a value from zero 1o 15. The value which is in the
lower nybble of the byte determines the color for the upper block of that byte on the screen, and
the value which is in the upper nybble determines the color for the lower block on the screen,
The colors are numbered zero 1o 15, thus:

' Tahle K: I.W-Hﬂillllll't_illl:l_'l__ﬁ-_r_l_.?_l'_lil:! Colors

| Decimal Hex Color PDecimial  Hex  Color
] S8 Black T 8 §8  Brown
| ] | Magenia 9 $9  Orange
7 52 Dark Blue @ 8A Grey 2
3 %3 Purple 11 5B Pink .
4 84  Dark Green 12 SC  Light Green |
5 85 Grey 13 D Yellow
& 8  Medium Blue 14 SE  Aguamarine
7 3 Light Blue 15 51 White

iColors may vary from television 1o television, particularly on those without hue controls, You
con wdiust the tint of the colors by adjusting the COLOR TRIM control on the right edge of the
Apple board. )

So, a byte containing the hexadecimal value S3D8 would appear on the scréen as a brown block on
iop of a vellow block. Using decimal arithmetic, the color of the lower block is determined by
the gustient of the value of the bvie divided by 16: the color of the upper block is determined by
thi remainder,

Figure 2 is a map of the Apple’s display in Low-Resolution Graphics mode, with the memaory
leecation addresses for each block on the screen.

Since the Low-Resolution Graphics screen displays the same area in memory as is used for the
Text screen, interesting things happen if yvou swiich between the Text and Low-Resolulion
Ciraphics modes. For example, if the screen is in the Low-Resolution Graphics mode and is Tull
of colored blocks, and then the TEXT/GRAPHICS screen switch is thrown 1o the Text mode, the
screen will be filled with seemingly random ext charsciers, sometimes inverse or flashing. Simi-
larly, a screen Tull of text when viewed in Low-Resolution Graphics mode appears as long hor-
izontal grey, pink, green or vellow bars separated by randomly colored blocks.
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Figure 2. Map of the Low-Resalution Graphics Mode
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THE HIGH-RESOLUTION GRAPHICS (HI-RES)
MODE

The Apple has a second type of graphic display, called High-Resolution Graphics lor somelimes
“"Hi-res™), When yvour Apple is in the High-Resolution Graphics mode, it can  display 53,760
dots in a mairix 280 dods wade and 192 dots high, The screen can display black, white, wviobel,
green, red, wnd blue dots, although there are some limitations concerning the color of individual
idnis.

The High-Resolutien Ciraphics mode takes its daia from an 8, 192-byie area of memory, uswally
called a “*picture bufler’”, There are two separaic piciure buffers: one for the primary page and
one Por the secondary page. Bolth of these buffers are independent of and separate from the
memaory arcas wsed for Text and Low-Resolution Graphics. The primary page picture buffer lor
the High-Resolution Graphics mode begins @1 memaory location number 8192 and extends up 1o
location number 16383; the secondary page picture buffer follows on the heels of the Hrst ai
memory location number 16384, extending up o location number 24575, For those of you with
sixteen fingers, the pnmary page resides from 52088 1o $IFFF and the secondary page follows in
succession il 54008 o SSFFF. If vour Apple s equipped with 16K (16,384 byvies) or less of
memaory, then the secondary page is inaccessible 1o you, if s memory size is less than 16K, then
the entire High-Resolution Graphics mode = unavatlable 1o you,

Each dot on the screen represénts one bil from the picture bulfer. Seven of Lthe eighl bils in each
byie are displayed on the screen, with the remaming bit used 1o select the colors of the dots in
thit byte. Forty bytes are displayed on each line of the screen. The beast significant hie (first bit)
of the first byie in the line s displaved on the left edge of the screen, followed by the second bit,
then the third, ete. The maost significant (eighth) bit is nol displaved. Then Tollows the first bit
of the next byte, and 50 on, A 1otal of 280 dows are displayed on each of the 192 lines of the
sCreen.

O a black-and-white monitor or TV set, the dots whose corresponding bits are “‘on” lor egual 10
I} appear white; the dois whose corresponding bils are “ofl”” or lequal to 8 appear black, On a
color monitor or TV, it s not so simple. 17 a bit is “off™, s corresponding dot will always be
black, I a bit is “on™, however, its color will depend upon the pesivon of that dol on the screen
If the dot 15 in the lefimost column on the screen, called “column 87, or in any even-numbered
column, then it will appear viodet, IF the dot is in the nghimost column {column 27%) or any
ockd-numbered column, then it will appear green, IF two dots are placed side-by-side, they will
hoth appear white, I the undisplayed bit of a byie is turned on, then the colors bue and red are
substituted for vielet and green, respectively,® Thus, there are six colors available in the High-
Resolution Graphics mode, subject to the following limitations:

1} Dots in even columns must be black, viodet, or blue,
2) Dois in odd columns must be black, green, or red.

3} Each bwvle musl be either a violet/green byte or a bluc/red byte., It is nol possible to mix
green and blue, green and red, violel and biue, or violel and red in the same byte.

" Ot Bevisian B Appke Boacds, the colors red and Blue sre anavaikible anad the setting of the cighth kil s ir-
rche i
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4} Twao colored dots side by side alwavs appear white, even if they are in different byles

5} Om European-modifiecd Apples. these rules apply but the colors generated in the High-
Resolution Ciraphics made muay differ.

Figure 3 shows the Apple’s display screen in High-Resolution Graphics mode with the memory
addresses ol each line on the screcn.

OTHER INPUT/OUTPUT FEATURES

Apple Input/Owutput Features

Inputs:  Cassetle Input
Three One-bit Digital Inputs
Four Analog Inputs

Outputs:  Cassette Output
Built-In Speaker

Four **Annunciator” Outputs |

Utility Strobe Output ,

|

THE SPEAKER

Inside the Apple’s case, on the lef sude under the kevboard, 15 a small § ohm speaker. 1t 1s con-
nected to the internal electronics of the Apple so thal o programy can cause 11 o make various
sounds,

The speaker 15 controlled by a soft switch, The switch can put the paper cone of the speaker in
two positions; “in’ and “out™. This soft switch is not like the soft switches controlling the vari-
ous video modes, but is instead a reggle switch. Each time a program references the memory
address associated with the speaker switch, the speaker will change staie! change from “in™" 1o
“oul™ or vice-versa. Each time the siate is changed, the speaker produces a tiny “click™. By
referencing the address of the speaker switch frequently and continuously, & program can gen-
erale a steady tone from ihe speaker,

The soft switch for the speaker is associated with memory location number 49280 Any reference
Lo this address (or the equivalent addresses -16336 or hexadecimal SCR33 wall cavse the speaker
Lo et a click,

A program can ‘‘reference’’ the address of the special location for the speaker by performing a
“read’’ or “wrile”” operation to that address. The data which are read or writien are irrelevant, as
il 15 the address which throws the switch, Note that a “write” operation on the Apple’s 6502
microprocessor actually performs a “read’” before the “wrilte™”, so that il you use a ““wrile”
operation 10 Mip any soft switch, vou will actually throw that switch mice. For toggle-iype soft
swilches, such as the speaker swilch, this means that a “write”" operation to ithe special location

20
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controlling the switch will leave the switch in the same s1ale it was i before. the operation was
performed,

THE CASSETTE INTERFACE

On the back edge of the Apple’s main board, on the right side next to the VIDEQ connector, are
two small Back packages labelled 1IN and "OUT™". These are miniaiure phone jacks into which
vou can plug a cable which has a pair of minisiure phono plugs on each end. The-other end of
this cable can be connected 1o a standard cassetie tape recorder so that vour Apple can save infor-
maticn on audio cassene tape and rewd 11 back again,

The connector marked ““OUT™ 15 wired 1o yel another sofl swilch on the Apple board. This is
another toggle switch, like the speaker swilch (see above). The sofl switch [or the cassetie oul-
put plug can be toggled by referencing memory location number 49184 (or the eguivalent -16352
or hexadecimal SCO20), Referencing this location will make the voltage on the OUT conneclor
swing from zero to 25 millivolis (ene fortieth of a volt), or return from 25 millivolis back 1o
zero. IT the other end of the cable s plugged into the MICROPHONE input of a casselle tape
recorder which is recording onto a tape, this will produce a tiny “click™ on the recording. By
referencing the memory location associated with the cassette output sofl switch repeatedly and
frequently, a program can produce a tong on the recording. By varving the pitch and duration of
this tone, information may be encoded on a tape and saved for later use. Such 4 program io
encode data on a tape 15 included in the System Monitor and is described on page 46.

Be lorewarned that if yvou attempt to flip the soft switch for the cassette output by writing (o its
special location, you will actually generate mwo ““clicks”™ on the recording. The reason for this is
mentioned in the descriplion of the speaker {(above). You should only use '‘read™ operations
when togghing the casseile outpul sofl switch,

The other connector, marked “IN", can be used 1o “'listen’” (o a cassette lape recording, s
main purpose is o provide a means of hstening 1o tones on the tape, decoding them into data,
and storing them i memory. Thus, a program or datla sel which was stored on casseile tape may
be read back in and used agmn.

The input circuit takes a | volt (peak-lo-peak) signal from the casseite recorder's EARPHONE
jack and converts it im0 a siring of ones and zeroes. Each ume the signal applied 1o the input
circuit swings from positive to negalive, or vicg-versa, the inpul circuil changes state: if 1t was
sending ones, it will stan sending zeroes, and vice versa. A program can inspecl the state of the
cassctie input circuit by looking at memory location number 49248 or the eguivalénts -16288 or
hexadecimal SCO6@. If the value which is read from this location is greater than or equal to 128,
then the state is a "'one’"; if the value in the memory location 15 less than 128, then the state 15 a
“zero'', Although BASIC programs can read the state of the cassette input circuit, the speed of a
BASIC program is usually much too slow to be able 1o make any sense oul of what it reads,
There is, however, a program in the System Monitor which will read the tones on a cassetle lape
and decode them. This 1s described on page 47,
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THE GAME 1/0 CONNECTOR

The purpose of the Game 10 connector 15 1o allow your boy comnect special input and ot dew-
e (o |'|l.'!|,_"!'|l.":'| the eflect of programs i general, and .h|'||_~|_i|'|,_-;|||_-,. ZAME programs This connec-
tor allows you 1o connec ||'II-.'|_ - bl MRS, [our e -t autpuls, a data sirobe, and four ana-
log inputs to the Apple, all of which can be conmtrolled by vour programs. Supplied with YT
Apple 15 o pair of Game Comtrollers which are connected to cables which Mug inlo the Game 10
connector.  The two rotary dials on the Controllers are connecied to two analog inputs on the
Connector, the two pushbultons are connecleéd 1o two of the one-hitl inputs

(LR LELE L E L P T P FEY E Y P TETE ]
- -

Photoe 7. The Game 170 Coannecior.

ANNUNCIATOR OUTPUTS

The four one-bit outputs are called “annunciators'”. Each annunciator outpul can be used as an
impul 10 3ome other clecironic device, or the annunciator outputs can be connected 1o arculs lo
drive lamps, relavs, speakers, elc,

Each annunciator 15 controlled by a soft switch, The addresses of the soft switches for the annun-
ciators are arfanged mnto four pairs, one pair for each annunciator. If vou reference the frst
address in a pair, yvou turn the output of its corresponding annunciator “off™": if yviou reference the
second address in the pair, you turn the annunciator’s oulput ““on'. When an annunciator is



“off”", the voliage on 1s pin on the Game 170 Connector is near 0 volis, when an annunciator is
“on”, the vollage 15 near 3 volts. There are no inherent means to determing the current sething
of an annunciator bit. The annunciator sofl swiltches are:
|_Table 3: Annwnclator Special Locations
m  Address:

Decimal Hex

Ann.  State
@ off 49248 -16296 SC@SR |
on 49241 -16295  SCPS9
1 off 49247 -16294 SCPSA |
__om 49243 -16293 SCW5B
2 off 459244 -16292  SCOSC
on 49245 -16291 SCE5D
3 off 49246  -16299  SCASE
an 49247  -16289 SOCWSE

ONE-BIT INPUTS

The three one-bit inputs can esch be connected 1w either another electironic device or 1o a push-
button, You can read the state of any of the one-bit inputs from a machine language or BASIC
progeam in the same manmer &% you read the Cassene Input, above, The locations for the three
oneg-bit inpuils have the addresses 49249 through 49251 (-16287 through -16285 or hexadecimal
SCW: | through SCR63).

ANALOG INPUTS

The four analog inputs can be connected 1o 50K Ohm variable resisiors or potentiomeiers. The
variable resistance between each input and the +35 volt supply is used in 4 one-shot liming cir-
cull. As the resistance on an input varics, the liming characteristics of its corresponding timing
circuil change accordingly. Machine language programs can sense the changes in the timing loops
and oblain a numerical value corresponding 10 the position of the polentiometer.

Before a program can start (o read the setting of a polentiometer, it must first resel the timing
circuits, Location number 49264 (16272 or hexadecimal SCATR) does just this. When vou reset
the timing orcuits, the values comtained in the four locations 49232 through 49255 (-16284
through -16281 or 50864 through $C#67) become greater than 128 (their high bits are set).
Within 3.060 milliseconds, the values contained in these four locations should drop below 128,
The exact time it akes for each location B0 drop in value s directly proportional Lo the setting of
the game paddle associated with that location. Il the poentometers connecled 1o the analog
inpuls have a greater resistance than 150K Ohms, or there are no polentiometers connecled, then
the values in the game controller locations may never drop 1o zero.
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STROBE OUTPUT

There is an additional output, called CM8 STROBE. which is normally +3 volis but will drop 1o
reriv volls for a duration of one-hall microsecond under the control of a maching language or
BASIC program, You can tngger this “strobe™ by referring 1o location number 49216 (16328 or
SCMF). Be aware that il you perform a “‘write”' operation 1o this location, you will trigger the
strobe fwace [see a description of (his phenomenon in the section on (he Speaker).

Table 10: Input/Output Special Locations

|
!
|

oo | Address e
L !-.u-n-.IH-n.. I "]'.lﬂu:imat Hei | F'E“l.ll'lwnhu
Spwiker 49798 -16336 SCHia R I

- :E'i.l"l‘u_'lll..' il 49184 -163%52 SCEM K =
~ Cussette In 49236 -16258 SCROA K
Annuncistors® | 49248 16296  SCBSE | R/W
through  through  through |
49247 =1hXEY SCASF

Flag inputs 49249 16287  SC861 [
49258 -16286  SO862 R
49251  -16285  SCP6) R
Analog Inpuis | 49252 -16284 SCH64 R
49253 -16283  SC@65
49154 16282 SCB6H
i 49255 16281 SCB67
A 4 =

Analog Clear | 49264 16272 SCO78 | R/W
Utility Strobe | 49216 -16328  SCM@ | R i

VARIETIES OF APPLES

There are a few variations on the basic Apple 11 compuler. Some of the variations are revisions
or modifications of the computer itsell; others are changes 1o its operating software. These are
the basic variations:

AUTOSTART ROM / MONITOR ROM

All Apple 1 Plus Svstems include the Autostart Monitor ROM. All other Apple systems do nol contain
the Autstart ROM. but instead have the Apple System Monitor ROM. This version of the ROM
bicks some of the features present in the Autostart ROM. but also has some features which are mot
prescit in that ROM. The main dilferences in the two ROMs are listed on the following pages,

® See the previous gl
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# Editing Controls, The ESC-1, J, K, and M sequences, which move the curscer wp, lefl. right,
and down, respectively, are nol available in the Old Monitor ROM.

® Stop-List. The Stop-List feature {invoked by a [CTRL S1), which allows you to introduce a
pause inte the output of most BASIC or machine language programs or listings, is not available
in the Okd Monitor ROM.

® The RESET cycle. When you first turn on your Apple or press RESET]. the Old Monitor
ROM will send you direcily into the Apple System Monitor, instead of iniiating o warm or
cold start as described in **The RESET Cycle™ on page 36.

The (4d Monitor ROM does, however, support the STEP and TRACE debugging features of the
System Monitor, described on page 51, The Autostart ROM does not recognize these Monitor
comimandds.

REVISION # / REVISION 1 BOARD

The Revision ® Apple 11 board lacks a few features found on the current Revision | version of
the Apple [l main board, To determine which version of the main board is in your Apple. open
the case snd look a1 the upper right-hand corner of the board. Compare what you see o Photo 4
on page 10, If your Apple does not have the single metal video connector pin beiween the four-
pin video connector and the video adjustment podentiometer, then you have a Revision @ Apple.

The differences between the Revision @ and Revision | Apples are summarized below

e Color Killer., When the Apple's Video Display is in Text mode, the Revision # Apple board
leaves the color burst signal active on the video output circuil.  This causes text characters to
appear tinted or with colored (ringes.

® Power-on RESET. Revision @ Apple boards have no circuit to automatically initiate a RESET
cycle when vou Lurn the power on.  Instead, you must press |IIE.':|-t.T once Lo slarl usimg your
Apple.

Also, when vou turn on the power 1o an Apple with a Revision @ board, the keyboard will
become active, as if vou had typed a random character. When the Apple starts looking for
input. it will accept this random character as if you had typed it. In order to erase this charac-
ter, you shoubd press [CTRL X] after you [RESET| your Apple when you turn on ils power.

# Colors in High-Resolution Graphics. Apples with Revision # boards can generate only four
colors in the High-Resolution Graphics mode: black, white, violet, and green. The high bt of
each byie displayed on the Hi-Res screen (see page 19) 15 ignored.

e 24K Memory Map problem. Systems with a Revision @ Apple 11 board which contain 20K or
MK bytes of RAM memory appear 1o BASIC to have more memaory than they actually do.
See “Memory Organization’”, page 72, for a description of this problem,

® 50 Hz Apples. The Revision @ Apple 11 board docs not have the pads and jumpers which you
can cut and solder to convert the VIDED OUT signal of your Apple 1o conform to the Euvro-
pean PAL/SECAM television standard. 1t also lacks the third VIDEQ connector, the single
metal pin in front of the fouf-pin video connector.
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® Speaker and Cassette Interference. On Apples wath Revision @ boards, any sound generated
by the internal speaker will also appear as a signal on the Cassette Interface’s OUT conmecior.
Il you leave the tape recorder in RECORD maode, then any sound generated by the internal
speaker will also appear on the tape recording

® Casselte lnput. The input circuit for the Cassette Interface has been modified so that it will
réspond with more accuracy 1o a weaker inpui signal.

POWER SUPPLY CHANGES

In addition, some Appies have a version of the Apple Power Supply which will accept only a 110
volt power ling inpul. These are are notl equipped with the voliage selecior switch on the back of
the supply.

THE APPLE II PLUS

The Apple 11 Plus is a standard Apple 11 computer with a Revision 1 board, an Autostart Moni-
tor ROM, and the Applesoft 11 BASIC language in ROM in lieu of Apple Integer BASIC. Furo-
pean maodels of the Apple 11 Plus are eguipped with o 110/220 volt power supply. The Apple
Mini-Assembler. the Floating-Point Package, and the SWEET-16 interpreter, stored in the
Integer BASIC ROMSs, are not available on the Apple 11 Plus.
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CHAPTER 2
CONVERSATION WITH APPLES




Almost every program and languasge on the Apple needs some sorl of inpul from the keyboard,
and some way to print information on the screen. There s a sel of subroutines stored n Lhe
Apple’s ROM memory which handle most of the standard input and output from all programs
and languages on the Apple.

The subroutines in the Apple's ROM which perform these input and outpul functions are called
by varipus names, These names were given (o the subroutines by their authors when they were
written. The Apple itsell does not recognize or remember the names of s own machine
language subroutines, but it's convenient for us to call these subroutines by their given names.

STANDARD OUTPUT

The standard output subrouting is called COUT. COUT will display upper-case letiers, numbers,
and symbols on the screen in either Normal or Inverse mode. 1t will ignore control characters
excepl RETURN, the bell character, the line feed character, and the backspace character,

The COUT subroutine mainiains its own mmvisible “output ¢ursor ™ (the position at which the
nexi character is to be placed). Each ume COUT is called, it places one characier on the screen
at the current cursor position, replacing whatever character was there, and moves the cursor one
space to the right. If the cursor is bumped off the right edge of the screen, then COUT shifis the
cursor down to the frst position on the next line, If the cursor passes the bottom line of the
screen, the screen “‘scrolls™ up one line and the cursor is set to the first position on the newly
blank bottom line.

When a RETURN character is sent to COUT, it moves the cursor Lo the first position of the next
line. If the cursor Talls off the bottom of the screen, the screen scrolls as described above.

THE STOP-LIST FEATURE

When any program or language sends 3 RETURN code 1o COUT, COUT will take a quick peek at
the keyboard, If you have typed a [CTRL 8] since the last time COUT looked at the keyboard,
then it will stop and wail for you to press another key. This i8 called the Smp-Lisr feature. ™
When you press another key, COUT will then outputl the RETURN code and proceed with nor-
mal output. The code of the key which you press 1o end the Stop-List mode is ignored unless it
is a [CTRL C). If it is, then COUT passes this character code back to the program or language
which is sending output. This allows you 1o terminate a BASIC program or listing by lyping
while you are in Stop-List mode.

A ling feed character causes COUT 10 move its mythical output cursor down one ling withoul any
horizontal motion al all. As always, moving beyond the bottom of the screen causes the screen
o scroll and the cursor remains ot ils same position on a fresh bottom line.

A backspace character moves the imaginary cursor one space to the left. I the cursor is bumped
off the lefl edge, it is reset 1o the rightmost position on the previous line. IF there is no previous
line (if the cursor was at the top of the screen), the screen does mor scroll downwards, but instead

* From lalin o, *ranner
** The Stop-list featiare is mod preseni on Apples without the Awiosiart RO,
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the cursor is placed again al the righimost position on the top line of the screen,

When COUT is semt a “bell™ charscter (CTRL G), n does not change the screen at all, but
instead produces a tone from the speaker, The tone has a frequency of 100Hz and lasts for
1/1h of a second. The output cursor does not move for a bell character.

BUT SOFT, WHAT LIGHT THROUGH YONDER
WINDOW BREAKS!

(OR, THE TEXT WINDOW)

In the above discussions of the various motions of the output cursor, the words “‘right™”, “‘left™,
“top”’, and “"holtom’” mean the physical right, left, wop, and bottom of the standard 40-character
wide by 24-line tall screen. There is, however, a way 1o 1ell the COUT subroutine that you wani
it to use only a section of the screen, and not the entire %60-character display. This segregated
section of the ext screen is called a ““window''. A program or language can set the positions of
the 1op, bottom, lefi side, and width of the 1ext window by storing those positions in four loca-
nons i memory. When this is done, the COUT subroutine will use the new positions to calcu-
lute the size of the screen. Tt will never prini any text puiside of this window, and when it must
scroll the screen, it will only scroll the text within the window. This gives programs the power lo
control the placement of text, and to protect areas of the screen from being overwrillen wilh new
text,

Location number 12 {hexadecimal 528) in memory holds the column position of the leflimost
column in the window. This posilion is normally position @ for the exireme lefl side of the
screen. This number should never exceed 39 (hexadecimal $27), the leftmost column on the
text screen, Location number 33 (hexadecimal $21) holds the width, in columns, of the cursor
window. This number is normally 48 (hexadecimal $28) for a full 40-character screen. Be care-
ful that the sum of the window width and the lefimost window position does not exceed 400 1T it
does, it s possible for COUT 1o place characters i memory locations not on the screen,
endangering your programs and dala.

Location 34 (hexadecimal $22) contains the aumber of the top line of the text window. This is
glso normally @, indicating the topmaost line of the display. Location 35 (hexadecimal 5231) holds
the number of the boitom line of the screen (plus onel, thus normally 24 (hexadecimal S18) for
the bottommost line of the screen. When you change the text window, you should take care that
you know the whereabouts of the outpul cursor, and that it will be inside the new window.

Table 11: Text Window Special Locations
. Location: Minimum/Normal/Maximum Valug
Function: | pecimal  Hex | Decimal  Hex
Lef Edge 32 58 | 939 S8/80/817
Width 33 521 A/40/480  SB/S28/%28
Top Edge | 34 S22 | N2 SEISR/SIE
Bottom Edge | 35 $23 | &/24/24 S@/SIR/SIR
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SEEING IT ALL IN BLACK AND WHITE

The COUT subrouting has the power 1o print what's sent to it in either Normal or Inverse iexi
modes {see page 14). The particular form of its output is determined by the contents of location
number 5@ (hexadecimal $32). If this location contains the value 255 (hexadecimal SFF), then
COUT will print characters in Normal mode; il the value is 63 (hexadecial $3F), then COUT will
present ils display in Inverse mode. MNote that this mode change only affects the characters
printed after the change has been made. Other values, when stored in location 58, do unusial
things: the value 127 prints leiters in Flashing mode, but all other characters in Inverse; any
other value in location 5@ will cause COUT 1o ignore some or all of its normal characier set.

_ Table 12: Normal/Inverse Control Values
Yalue: ﬁﬂ:l: a
Decimnl  Hex
255 SFF | COUT will display characters in Normal mode,
63 $IF | COUT will display characters in Inverse mode.
127 STE | COUT will display lettess in Flashing mode, all
olher chnru'l'ﬂ':'. in Inverse mode, J

The Normal/lnverse ““mask™ location, as it is called, works by performing a logical **AND
between the bits contained in location 58 and the bits in sach outlgoing character code. Every it
in location 58 which is a logical “zero™ will force the corresponding bit in the character code to
become “‘zero' also, regardless of its former setting. Thus, when location 58 contains 63 (hexa-
decimal 33F or binary 81111110, the top two bits of every output characler code will be turned
“off". This will place characters on the screen whose codes are all between 0 and 63, As you
can see from the ASCIl Screen Character Code 1able (Table 7 on page 15), all of these characters
are in Inverse mode.

STANDARD INPUT

There are actually two subroutines which are concerned with the gathering of standard input:
RDKEY, which feiches a single keystroke from the keyboard, and GETLN, which accumulates i
number of keystrokes into a chunk of information called an inpit fine.

RDKEY

The primary function of the RDKEY subroutine is to wail for the user 1o press a key on the key-
board, and then report back to the program which called it with the code for the key which was
pressed. But while it does this, RDKEY also performs two other helpful asks:

1}. [Imput Prompring. When RDKEY is activated, the first thing it does is make visible the hid-
den output cursor. This accomplishes two things: it reminds the user that the Apple is waiting
for a key to be pressed, and il also associates the input it wants with a particular place on the
screen. In most cases, the inpul prompt appears near a word or phrase describing what is being
requested by the particular program or language currently in use. The input cursor itself is a
fashing representation of whatever character was at the position of the output cursor. Usually
this is the blank character, so the inpul cursor most often appears (o be a flashing square.
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When the user presses a key, RDKEY dutifully removes the input cursor and returns the
value of the key which was pressed o the program which requested it. Remember that the
oulpul cursor is just a position on the screen, but the inpul cursor 18 a Mashing character on the
screen. They usually move in tandem and are rarely separated from each other, but when the
inpul cursor disappears, the output cursor is siill active,

1}). Raondom Number Seeding. While it wails for the user to press a key, RDKEY is continually
sdding | to & pair of numbers in memory. When a key is finally pressed, these two locations
together pepresent & number from @ 1o 65,535, the exact value of which is guite unpredictable,
Many programs and languages use this number as the base of a random number generator,
The two locations which aré randomized during RDEKEY are numbers 78 and 79 (hexadecimal
S4E and $4F).

GETLN

The vast majority of input to the Apple is gathered into chunks called japur fnes. The subroutine
in the Apple’s ROM called GETLN requests an inpul line from the keyvboard, and afler getting
one, relurms (o the program which called 1. GETLN has many festures and nuances, and it is
good to be familiar with the services it offers.

When called, GETLN first prints a promphing characier, or *‘prompt”. The prompt helps you 1o
wentify which program has called GETLN requesting input, A prompt character of an asterisk
(+) represents the System Monitor, a right carel (>) indicates Apple Integer BASIC. a right
bracket (1) is the prompl for Applesoft 11 BASIC, and an exclamation point (1) is the hallmark of
the Apple Mini-Assembler. In addition, the guestion-mark prompt (?) s used by many programs
and languages 1o indicate that a user program is requesting input. From your (the user’s) point
of view, the Apple simply prints a prompt and displays an input cursor, As you type, the charac-
lers you [ype are prmted on the screen and the cursor moves accordingly. When you press
. the entire hine is sent off to the program or language you are talking to, and you get
another pmmpt

Actually, what really happens is that aflter the prompt 15 printed, GETLN calls RDKEY, which
displays an input cursor. When EDKEY returns with a keycode, GETLN stores that keycode in
an iupt byffer and prints it on the screen where the input cursor was. 11 then calls RDEKEY again,
This continues until the user presses [RETURN]. When GETLN receives a RETURN code from
the keyboard, it sticks the RETURN code at the end of the input buffer, clears the remainder of
the screen line the input cursor was on, and sends the RETURN code 1o COUT (see above).
GETLN then returns 1o the program which called it. The program or language which requesied
input may now look at the entire line, all a1 once, as saved in the input buffer,

At any lime while you are lyping a line, you can type a [CTRL X] and cancel that entire line,
GETLN will simply forgel éverything you have typed, print a backslash (1), skip to & new line,
and display another prompt, allowing you lo retype the line. Also, GETLN can handle a max-
imum of 25% characters in a line. If you exceed this bmil, GETLN will cancel the entire line and
vou must start over. To warn you thal you are approaching the limit, GETLN will sound a tone
gvery keypress starting with the 24%h character.

GETLN also allows vou to edit and modily the line you aré lyping in ordér to correcl simple
typographical errors. A quick introduction 1o the standard editing lunctions and the use of the
two arrow keys, [—] and [=], appears on pages 28-29 and 53-55 of the Apple 11 BASIC Program-
ming Manual, or on pages 27-28, 52-53 and Appendix C of The Applesaft Tutorial, a1 leas) one
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al which you should have received, Here is a shorn description of GETLN's editing features;

THE BACKSPACE ([=]) KEY

Each press of the backspace key makes GETLN ““lorget”™” one previous characler in the input line.
It also sends a backspace characier 1o COUT (see above), making the cursor move back 1o the
characler which was deleled. A1l this point, a character typed on the keyboard will replace the
deleted characier both on the screen and in the input line. Multiple backspaces will delete succes-
sive characters; however, if you backspace over more characters ihan you have wped, GETLN
will forget the entire line and issue another prompt,

THE RETYPE ([=]) KEY

Pressing the retype key has exactly the same effect as typing ihe characier which is under the cur-
sof. This 13 extremly useful for re-entering the remainder of a line which you have backspaced
over 10 correct a ypographical error.  In conjunction with pure cursor moves (which follow), it is
also useful for recopying and editing data which is already on the screen,

ESCAPE CODES

When you press the key marked on the keyboard, the Apple's inpul subroutings go into
escape mode. In this mode, eleven keys have separale meanings, colled “‘escape codes™'. When
you press one of these eleven keys, the Apple will perform the function associated with that key.
After it has performed the funclion, the Apple will gither continue or terminate escape mode,
depending upon which escape code was performed. IT you press any key in escape mode which is
nol an escape code, then thal keypress will be ignored and escape mode will be terminated.

The Apple recognizes eleven escape codes, eight of which are pure cursor moves, which simply
move the cursor without altering the screen or the input line, and three of which are screen clear
codes, which stmply blank part or all of the screen,  All of the screen clear codes and the first four
pure cursor moves (escape codes @, A, B, C, D, E, and F) terminate the escape mode after
operating. The final four escape codes (I, K, M, and ]} compleie their functions with escape
mode active.*

[ESC][A] A press of the [ESC] key followed by a press of the [A] key will move the cursor one space
1o the right without changing the input hine. This is useful for skipping over unwanted
characters in an inpul line: simply backspace back over the unwanted characters, press

[E5C] [A] 1o skip each offending symbol, and use the retype key 1o re-enter the remainder
of the line.

[ESC] [B] Pressing followed by [B] moves the cursor back one space, also without disturbing
the input line. This may be used 1o enter something Iwice on the same ling without
relyping il; just type il once, press repeatediy 1o gel back o the beginning of the
phrase. and use the retype key to enter it again.

* These Four gscape codes are not svailable on Apples without ihe Autosiart Mamitor ROM.
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[ESC] €] The key sequence [ESC] [C] moves the cursor one line directly down, with no horizontal
movemenl. If the cursor reaches the bottom of the texi window, then the cursor
remains on the bottom line and the text in the window scrolls up one line. The input
line is noi modified by the [ESC|[C] sequence. This, and [ESC|[D] (below}, are useful for
positioning the cursor at the beginning of another line on the screen. so that it may be
re-entered with the retvpe key,

The [ESC] (] sequence moves the cursor directly up one line, again withoul any horizon-
tal movement. If the cursor reaches the top of the window, it stays there, The inpul
line remains unmodified. This sequence is useful for moving the cursor to a previous
line on the screen so that it may be re-entered with the retype key.

{E] The [ESC) [E] sequence is called “‘clear to end of line”. When COUT detects this
sequence of keypresses, it clears the remainder of the screen line (mor the input line!)
from the cursor position to the nght edge of the text window. The cursor remains
where it is, and the input line is unmodifiad. always clears the rest of the line 1o
blank spuces, regardless of the setting of the Normal/Tnverse mode location (see above).

[ESC| [F] This sequence is called “clear 10 end of screen’. [t does just that: it clears everything in
the window below or to the right of the cursor. As before, the cursor does nol move
and the input line is nol modified, This is useful for erasing random garbage on a clut-
tered screen after a ol of cursor moves and editing,

[&] The [@] sequence is called “*home and clear’. It clears the enlire window and
places the cursor in the upper lefi-hand corner. The screen 15 cleared 1o blank spaces,
regardless of the seiting of the NormalfInverse location, and the input line is mol

changed (note that **[@] " is SHIFT P)).

These four escape codes are synonyms for the four pure cursor moves given above.
When these four escape codes finish their respective functions, they do nor turn off the
escape mode: you can continue typing these escape codes and moving the cursor around
the screen until you press any key other than another escape code, These four keys are
placed in & “‘directional keypad' arrangement. so that the direction of gach key from the
center of the keypad corresponds (o the direction which that escape code moves the cur-
S0T,

- =

B 1] == ==K [A]

(=] -

Figure 4. Cursor-moving Escape Codes.

35



THE RESET CYCLE

When you turn your Apple’s power swilch on® or press and release the key, the Apple's
6582 microprocessor initiates a RESET cycle. It begins by jumping into a subfoutine in the
Apple’s Monitor ROM. In the two different versions of this ROM, the Monitor ROM and the
Autostart ROM, the RESET cyele does very different things.

AUTOSTART ROM RESET

Apples with the Autosiart ROM begin their RESET cvcles by fipping the soft switches which
control the video screen to display the full primary page of Texi mode, with Low-Resolution
Giraphics mixed mode lurking behind the veil of text. It then opens the text window to its full
size, drops the oulpul cursor 1o the bottom of the screen, and sels Normal video mode. Then it
sets the COUT and KEYIN swilches to use the Apple’s internal keyboard and video display as the
standard input and output devices. It Mips annunciators @ and | ON and annunciators 2 and 3
OFF on the Game 170 connector, clears the keyboard strobe, turns off any active 170 Expansion
ROM isee page 84), and sounds a “beep!™.

These actions are performed every time you press and release the [RESET) key on your Apple. At
this poinl. the Autostart ROM peeks into two special locations in memory 10 see if il's been
RESET before or if the Apple has just been powered up (these special locations are described
below). I the Apple has just been turned on, then the Autostart ROM performs a “cold start™:
otherwise, it does a “*warm start’”,

1) Cold Start. On a freshly activated Apple, the RESET cycle continues by clearing the screen
and displaying ** APPLE 11" top and center, It then seis up the special locations in memory o
tell itsell that it’s been powered up and RESET, Then it starts looking through the rightmost
seven slots in your Apple’s backplane, looking for a Disk 11 Controller Card. It starts the
search with Slot 7 and continues down 1o Slot 1, IT it finds a disk controller card, then it
proceeds to bootsirap the Apple Disk Operating System (DOS) from the diskette in the disk
drive attached to the controller card it discovered, You can find a description of the disk
bootstrapping procedure in Do's and Don’ts of DOS, Apple part number AZL0012, page 11.

If the Autostart ROM cannot find a Disk Il controller card, or you press [RESET] again before
the disk booting procedure has completed, then the RESET cyvcle will continue with a
“lukewarm start”™. It will initiglize and jump into the language which is installed in ROM on
vour Apple. For a Revision @ Apple, either without an Applesoft 11 Firmware card or with
such & card with its controlling switch in the DOWN position, the Autostart ROM will stan
Apple Integer BASIC. For Apple 11-Plus sysiems, or Revision @ Apple 1Is with the Applesolt
Il Firmware card with the switch in the UP position, the Autostart ROM will begin Applesofl
11 Floating-Point BASIC.

2} Warm Start. If you have an Autostart ROM which has already performed a cold start cycle,
then each time you press and release the [RESET] key, you will be returned 1o the language
you were using, with vour program and variables intact,

" Power-on RESET cycles ocour only on Revision | Apples or Revision B Apples with at lesst one Disk [l con-
Lroflker card



AUTOSTART ROM SPECIAL LOCATIONS

The three *‘special locations™ used by the Autostart ROM all reside in an area of RAM memaory
reserved for such system functions. Following is a table of the special locations used by the
Autostart ROM:

Table 13: Awtostart ROM Special Locations

m:'un:

Decimal Hex  COMUSHE:

1418 SiF2 Sofi Eniry Yector., These two localions conlain
([N} SIF3 the address of the reentry point for whalever

language is in use. Normally contiins SEM3,
1@z SiF4 Power-Uip Byte. Normally contains 545, See

below.
64367 SFB6F This is the beginning of a machine language
| (-1169) subrouiine which sels up the power-up location,

When the Apple is powered up, the Autostart ROM places a special value in the power-up loca-
tion. This value s the Exclusive-OR of the value contained in location 1811 with the constanl
value 165, For example, if location 1811 contains 224 (its normal value), then the power-up
value will be:

Decimal  Hex Binary

Location 1811 224 SEd  111dooed
Constani 163 SAS 10180181

Power-Up Value 69 35 dleepial

Your programs can change the sofl entry vector, so that when you press [RESET| you will go to
some program other than a language, If you change this soft entry vector, however, you should
make sure that you sel the value of the power-up byie to the Exclusive-OR of the high part of
your new soft entry vector with the constant decimal 165 {hexadecimal $A5). If you do not set
this power-up value, then the next time you press [(RESET] the Autostart ROM will believe that
the Apple has just been turned on and it will do amother cold start,

For example, you can change the soft entry vecior to point 1o the Apple System Monitor, so that
when you press yoru will be placed mio the Monitor, To make this change, you must
place the address of the beginning of the Monitor into the two soft entry vector locations. The
Monitor begins al location $FF69, or decimal 65385, Put the last two hexadecimal digns of this
address (369) into location 33F2 and the first two digits (SFF) imto location $3F3. If you are
working in decimal, put 105 (which 5 the remunder of 65385/256) into location 1818 and the
value 255 {which s the intéger guotient of 63385/256) into location 1811,

Now you must sel up the power-up location. There is a machine-language subroutine in the
Autostart ROM which wil automatically set the valuee of this location 1o ithe Exclusive-OR men-
tioned above. Al you need 10 do is 10 execute a JSR (Jump to SubRoutine) instruction to the
address 3FB6F. If yvou are working in BASIC, you should perform a CALL -1169. Now every-
thing is set, and the next lime you press "I you will enter the System Monitor,

To make the [RESET | key work in its usual way, just restore the values in the sofl entry vector to
their former values (SEM3, or decimal 57347) and again call the subroutine described above.
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“OLD MONITOR" ROM RESET

A RESET cycle in the Apple 1l Monitor ROM begins by setting Normal video mode, a full screen
of Primary Page text with the Color Graphics mixed mode behind it, a fullv-opened text window.
and the Apple’s standard keyboard and video screen as the standard input and output devices. I
spunds a “beep!l”’, the cursor leaps 1o the bottom ling of the uncleared text screen, and you find
yoursell facing an astenrsk (=) prompl and talking to the Apple Sysiem Monitor.



CHAPTER 3
THE SYSTEM MONITOR




Buried deep within the recesses of the Apple’s ROM 15 a masierful program called 1the Sysiem
Monitor. It acts as both a supervisor of the system and a slave 10 11: it controls all programs and
all programs wse it. You can use the powerful features of the System Monitor o discover the
hidden secreis in all 65,536 memory locations, From the Monitor, you may look at ong, some,
or all locations; you may change the contemts of any locstion; you can write programs in Muchine
and Assembly languages Lo be executed directly by the Apple’s MICroprocessor, you can save vasl
guantities of data and programs onlo cassetle lape and read them back in again; you can move
and compare thousands of byles of memory with a single command; and yvou can leave the Mom-
tor and enter any other program of language on the Apple,

ENTERING THE MONITOR

The Apple Svsiem Monitor program begins al location number SFF&89 (decrmal 63385 or = 151)
in memory. To enter the Monitor, vou or your BASIC program can CALL this location. The
Monidtor's prompd {(an asterisk [+])} will appear on the lefl edge of the screen, with a Mashing cur-
sor 1o its right. The Monitor accepts standard input lines (see page 320 just ke any other system
or language on the Apple, 1t will not take any action until you press [RETURN]. Your input lines
to the Monitor may be up to 235 characters in length. When vou have finished your siay in the
Monitor, you can return to the language vou were previously using by typing [CTRL C)[RETURN]
lor, with ithe Apple DOS, [3][0] [#][ii] RETURN]). or simply press [RESET).*

ADDRESSES AND DATA

Talking to the Monitoer 15 somewhat like talking 1o any other program of language on the Apple:
vou type o line on the keyboard, followed by a [RETURN]. and the Monitor will digest whal you
typed and sel according 1o those instructions, You will be giving the Monitor three lypes of
information: addresses, valties, and commands.  Addresses and values are given 1o the Momitor in
hexadecimal notation. Hexadecimal notation uses the ten decimal digits (8-9) 1o represent them-
selves and the first six letters (A-F) 10 represent the numbers 10 through 15, A single hexade-
cimal digit can, therefore, have one of sixteen values from O 10 15, A pair of hex digits can
assume any valoe from 0 1o 255, and a group of four hex digits can denote any number from O 1o
65,536, I so happens that any address in the Apple can be represented by four hex digits, and
any value by two hex digits. This is how you ell the Monitor about addresses and values. When
the Monitor is looking for an address, it will take any group of hex digits. IT there are fewer than
Four digits in the group, it will prepend leading zeroes; il there are more than four hex digits, the
Monitor wall truncate the group and use only the last four hex digits. It follows the same pro-
cedure when looking for two-digit data values,

The Monitor recognizes 22 different command characters. Some of these are puncluation marks,
olhers are upper-case betiers or control characters. In the following sections, the full name of a
command will appear in capital ketiers. The Monitor needs only the first letier of the command
name. Some commands are invoked with control characters. You should note that although the
Moniter recognizes and interprets these characters, a control character typed on an input line will
m appear on the screen,

® This does nol work on Apples without the Aatostary RO



The Monitor remembers the addresses of up 1o five locations. Two of these are special: they are
ihe addresses of the last location whose value you inguired about, and the location which is nexi
o have s value changed. These are called the last apened location and the next changeably lova-
non. The usefulness of these two addresses will be revealed shorily,

EXAMINING THE CONTENTS OF MEMORY

When you type the wbdress of a location in meémory alone on an input line 1o the Momitor, it will
reply® with the wddress you typed, a dash, a space, and the value®™ contained in that location,
thus:

«FARd
Edd@E— 18
=108
PI1EE— 99

Each ume the Momitor displays the value contained in a location, it remembers that location as
the dost opered locarior. For technical reasons, it also considers that location as the mexr ohaere-
ey Jeaca o

EXAMINING SOME MORE MEMORY

If you type a period () on an input line 1o the Monitor, followed by an address, the Monitor will
display a mewmory dumpr the vilues contmned i all locations from the last opened location 1o the
location whose address vou typed Tollowing the penod. The Monitor then considers the lasi loca-
tion displaved to be both the last opened location and the néxt changeable location.

* In ithe examgples, yoor guerics are m nommal tvpe amd the Apple reples i saldFsce
** The valucs printed in thgse evamples may differ from the values dsplived by vour Apple Tor the same in-
slructions
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« 10

HHId— dd
= 1B

WHIl— 13 W# 18K WF RC ¥R ##
HH2Z8— AR #6 DH #7

«1d@

Bigp— 99

= 313

#if1— B9 @@ @R WA #A #A 99
HI8— W@ B8 CE D F4 A6 1B A9
#318— #9 BS5 17 AD CC @3

i 124

Bil6— RS 41

#3I18E— Hd 49 HA 4A 4A 4A 4A ¥9
#328— C@ B5 3F A9 5D 85 3E 29
#i2R— 43 @3 1@

You should notice several things about the format of a memory dump. First, the first line in the
dump begins with the address of the location following the last opened location, second, all other
fines begin with addresses which end alternately in zeroes and eights; and third, there are never
miore than eight values displayed on a single ling in a memory dump. When the Monitor does a
memory dump, it stars by displaying the address and value of the location following the last
opened location. It then proceeds to the next successive location in memory. If the address of
that location ends in an 8 or a @, the Monitor will **cut’” to a new line and display the address of
that location and continue displaying values. Afiter il has displayed the value of the location
whose address you specified, it siops the memory dump and sets the address of both the last
opened and the next changeable location to be the address of the last location in the dump. If
the address specified on the input ling is less than the address of the last opened location, the
Monitor will display the address and value of only the location following the last opened location,

You can combine the two commands (opening and dumping) into one operation by concatenating
the second 1o the first; that is, type the first address, lollowed by a period and the second address.
This two-addresses-separated-by-a-penod Torm is called a memory ramge.

«3@@._312F

#igf— 99 B9 #W FE A FA HA 99
HIgE= W@ #3 C8 I F4 A6 2B A9
#318— #9 85 27 AD CC #3 K5 41
#I18— B4 48 BA 4A 4A 4A 4A B9
#128— C# 85 IF A% 5D &35 3IE 20
#I28— 43 #3 I8 46 §3 AS 3D 4D
«38. 48

#830— AA #9 FF AA 85 C2 85 C2
#EIE— 1B FD D¥# #3 3C @@ 48 @@
LLEN Sl

*E@15 EB25
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Ef15— 4C ED FD
ERIE— A% I8 C5 14 BRR BRC A% 8D
E#Z8— AR #T7 I8 ED FId A9

EXAMINING STILL MORE MEMORY

A single press of the [RETURN] key will cause the Monitor 1o respond with one ling of & memory
dump; that =, a memory dump from the locabion following the last opened location o the next
eight-location “cut™. Once again, the last location displayed is considered the last opened and
next changeable location

e 5

HEES— A
*[RETURN]
'THT)
«RETURN]

FHEE— @@ Ad #F @@ Hd Al dAd e
wlF

HEi1l— FF

«[RETURN]

Ah BN C2 95 (2

« RETURN]

#H38— 1B FD D¥ #3 3C #8 3F #¥

CHANGING THE CONTENTS OF A LOCATION

You've heard all abowt the “pext changeable location™; now youw're going to use . Type a
colon Tollowed hy a value

w i@

HldE— wy
s 5F

Presto! The contents of the next changeable location have just been changed to the value you
typed. Check this by examining that location again:

=
WEeE= 5F
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You can also combing opening and changing into one operation

wIQZ: 42
«3@2
#ifl— 412

-

When vou change the contents of a location, the old value which was contained in that location
disappears, never 1o be seen again. The new value will stick around until it 15 replaced by another
hexsdecimal value,

CHANGING THE CONTENTS OF
CONSECUTIVE LOCATIONS

You dou T have 1o type an address, 4 colon, a value, and press [RETURN] For each and every loca-
tionm vou wish 1o change, The Momitor will allow you o change the values of up 1o gighty-five
locations al o time by typing only the mmitial address and colon, and then all the values separated
by spaces. The Monitor will duly file the consecutive values in consecutive locations, starting ai
the next changeable location. Afier it has processed the siring of values, it will assume that the
location Tollowing the last changed location is the nexi changeable location, Thus, you can con-
tinuwe changing conseculive localions without bréaking siride on the next inpul line by typing
another colon and more values.

+300:69 81 20 ED FD 4C @ 3

s i

Higd— 69

«[RETURN]

#1 28 ED FD 4C #@ w3
sj@:8 1 2 3

s:d4 5§ 6 7

«10.17

#ATA— AF #1 A2 @3 #4 5 He W7

MOVING A RANGE OF MEMORY

You can treal a range of memory (specified by 1wo addresses separated by a period) as an entity



untir ilsell and move it from one place to another in memory by using the Monitor’s MOVE
comimand. In order o move a range of memory from one place o ancther, the Monitor must be
told both where the range is situated in memory and where it is 10 be moved. You give this
information to the Monitor in three parts: the sddress of the destimation of the range, the
adidress of the first location in the range proper, and the address of the lust location in the range.
You specily the starting and ending addresses of the range in the normal fashion, by separating
them with a period. You indicaic that this range is to be placed somewhere else by sepirating the
range and he destinabion address with a left caret (<), Finally, vou 2l ithe Monitor that vou
wanl lo move the range to the destination by typing the letter M, for “MOVE™, The final com-
mand looks like this:

tdestination] < |stant) | jend] M

When you type this Iine 1o the Momior, of course, the words in curly brackels should be replaced
by hexmdecimal ddresses and the spaces should be omited. Here are some real examples of
MEMOory Mmoves:

«0 F

AHEE— SF #f W5 W7 dd dd AW Wi
RHEE— WA dd A0 Id #9 A9 #9 a9
«1BR:AT BD 28 ED FD A% 45 28 DA FD 4C 8@ @3

108 3R8C

gige—= A% BD I8 ED FD A9 45 I8
FidE= DA FD» 4C #8 B3
«R<188 . I8CM

«f.C

HEEE—= A% BD I8 ED FD A9 45 I8
PEERE— DA FI» 40 #4 #3
#3110 AM

«118. 312

Hile= DA FD 40
«2<T 9M

@

FHEE— AY BD I8 DA FD A9 45 1@
HEEE= DA FD 40 ## #3

The Monitor simply makes a copy of the indicated runge and mowes it 1o the specified destina-
tiomr. The original range is kel undisturbed. The Monitor remembers the last location in the ori-
ginal range as the last opened location, and the frst location in the origingd range as the next
changeable location. If the second address in the range specification 15 bess than the first, then
only one value (that of the first location in the range) will be moved,

I the destination address of the MOVE command 15 inside the onginal range. then strange and
{sometimes? wonderful things happen: the focations beiween the beginning of the range and the
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destination are treated as a sub-range and the values in this sub-range ar¢ repheated throughout
the original range. See ““Special Tricks™, page 55, for an interesting application of this feature.

COMPARING TWO RANGES OF MEMORY

You can use 1he Monitor o compare fwo ranges of memaory using mech the same formal 45 yvou
use 1o mowve a range of memory from one place 1o another, In fact, the VERIFY command can
be used mmediately aler a MOVE o make sure that the move was successiul,

The VERIFY command, like the MOVE command, nceds a range and a destination.  In shor-
hand:

[destination] < [start] . lend] V

The Momtor compares the range specified with the range beginning at the destination address. If
there 15 any discrepancy. the Momtor displays the address al which the difference was foond and
the two offending values

«@#:D7 F2 E9 F4 F4 E5 EE A® E2 F9 AR C3 C4 C5
«if@<d .M

« Q@< DV

sthi:E4

«10@<d DV

#Hd6—E4 (EE)

Motice that the VERIFY command, if it finds a discrepancy, displays the address of the location
in the original range whose value differs from its counterpant in the destination range. IT there is
no discrepancy, VERIFY displays nothing. It leaves both ranges unchanged. The last opened and
next changeable locations are ¢l jusi as i the MOVE command. As before, if the ending
address of the range 15 less than the starting address, the values of only the first locations in the
ranges will be compared. VERIFY also does unusual things if the destination is within the ornigi-
nal range; see ““Special Tricks™, page 55

SAVING A RANGE OF MEMORY ON TAPE

The Monitor has two special commands which allow vou 1o save a range of memory onlo Ccassens
tape and recall it again for later use. The first of these 1wo commands, WRITE, lets you save the
contents of one 1o 65,536 memory locations on standard cassene tape,

To save a range of memory 1o tape, give the Monitor the staring and ending addresses of the
range. followed by the letter W {for WRITE):



Istart] . lend] W

[o get an accurale recording, vou should put the tape recorder in record mode before you press
[RETURN] on the input line, Let the tape run a few seconds, then press [RETURN]. The Monitor
will write & ten-second “leader’” wone onto ihe wape, Tollowed by the data. When the Monttor 1
finished, i1 wiall sound a " heep!” and give vou another prompt.  You should then rewind the tape,
and label the tepe with something intelligibie about 1the memory range that's on the tape and what
it's supposed to be

B . FF FF AlD 38 CB B8 D@ P4 Co 1 F@ 88 C
A D@ Fé Ab B8 4C 82 80 60

LR

FHEE— FF FF AD 38 C# B8 D# #4
WHHE— C6 BRI FH B8 CA DB Fo A6
HHId— W8 4C B2 BB 64

=@ 14W

L]

It takes aboul 35 seconds tolal 1o save the values of 4.09% memory locations preceded by the
ten-second leader onto tape. This works oul 1o a speed of about 1,330 bils per second, average.
The WRITE commuand writes one @xtra value on the tape after 1 bas written the values in the
memaory range.  This extra value 15 the checksyme 10 is the partial sum of all values in the range.
The READ subroutine uses this value o determine if a READ has been successful {see below).

READING A RANGE FROM TAPE

Once you've saved a memory range onto tape with the Monitor's WRITE command, you can
read that memory range back into the Apple by using the Monitor's READ command., The data
wilues which vouw ve stored on the tape neaed not be read back into the same memaory range from
whence they came; you can tell the Monilor to pul those walues inle any similarly sieed memory
range in the Apple’s memory,

The format of the READ command is the same as that of the WRITE command. except that the
command fetter is R, not W

[start] . lend] R

Omce again, after typing the command, don’t press [RETURN]. Insiead, start the tape recorder in
PLAY mode and wait for the tape's nonmagnetic leader 1o pass by, Although the WRITE com-
mand puts a len-sccond leader tone on the beginning of the tape, the READ command neads
only three scconds of this leader in order to lock on 10 the frequency, So vou should let a few

seconds of tape go by before you press [RETURN|, to allow the lape recorder’s oulput 1o settle
down b steady tone.

-0 & @ 0P F 00080008 QD0 0 @
@ @

«@.14
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HHdR— d0 #d HR AR HW WP HW W
HHAE— Bl dd d#F AR Hd W@ HE W
HHIWH— HF HE B0 HR WA

@ 14R

s 14

HERE= FF FF AD 30 Cd 8% D¥ #4
HARE— Co #1 FH B8 CA DF Fb Ab
HATW— W 4O #I #@ oW

After the Monitor has read in and stored all the values on the tape, it reads in the extra check-
sum valug. I compares the checksum on the tape to its own checksum, and if the two differ, the
Monitor beeps the speaker and displavs “"ERR'. This warns you thal there was a problem during
the READ and that the values stored in memory afen't the values which were recorded on the
tape. W, however, the two checksums match, the Monitor will give you another prompi.

CREATING AND RUNNING MACHINE
LANGUAGE PROGRAMS

Machine language 15 certainly the most efficient language on the Apple, albeit the least pleasant in
which to code., The Monor has specwal facilitics for those of vou who are determined 1o use
machine language 1o simphily créating, wnting, and debugging machine language programs

You can write a machine language program, take the hesadecimal values for the opcodes and
operands, and store them in memory using the commands covered above, You can get a hexade-
cimal duomp of your program, move il around m meémory, or save il 1o lape and recall il again
simply by using the commuands vou've already learned. The most imporiant command, however,
when dealing with machine language programs s the GO command. When vou open a location
from the Monitor and type the letier G, the Moniior will cause the 6582 microprocessor 1o start
execuling the machine language program which begins at the last opened location. The Monitor
treats this program as a subrouting: when it's finished, all it need do is execute an RTS {return
from subroutine) instruction and control will be transferred back 1o the Monitor.

¥our machine language programs can call many subroutings in the Monitor 10 do various things.
Here s un example of loading and running @ machine anguage program 1o display the letlers A
through £

#3808 A% C1 29 ED FD 18 69 1 C9Y DB DB F6 60

« 188 38C

Hi8d= A9 C1 2Z¥ ED FD 1K &% #1

Hig8— C9 DB D¥ Fa bW

» IR B

ABCDEFGHT JKIMNOPORSTUYWXY Z

Ll

(The instruction set of the Apple’s 6582 microprocessor is listed in Appendix A of this manual.}
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WNow, straight hexadecimal code sa’1 the easiest thing in the world to read or debug. 'With this in
mind, the creators of the Apphie’s Momiior neatly included a command to list mgchme language
programs in assembly aresage form. This means that instead of having one, (two, or three byiles
of unlormalted hexadecimal mibberish per instruction vou now have a three-letter mnemaonic and
some formatted hesadecimal gibberish 1o comprehend for cach instruction. The LIST command
to the Monitor will start ar the specified location and display a screenfull (20 hnes) of instrug-
Lins:

= 1@

BT T = AS (] LDA #3C1
HiWl-— M ED FId J=R SFDED
Pigsi— 13 CLC

Aid6— 659 #1 A #5481
IR~ C9 DB (8 H#3DR
AAdA— Dd Fa BNE SHIR2
AAE— i RETS

R e BEK

WiRF— e BEK

AIdF— HH HER

Hild= Wi BREK

#ilil= HH HER

#ilt= L] HEK

Hili=— HH BRREK

#ild— HH BRK

Hil5= Wi HRE

Hilh=— Wi BEK

#il7= Wi REK

#ilg— Wi RHEKk

Hilo=— HE RRE

Recognize those first few lines” They're the assembly language form of the program you typed
in u page of so agn, The rest of the lines (the BRK instructions) are just there to fill up the
sereen, The address that you specify is remembered by the Monitor, but not in one of the ways
explained before. N's put in the Program Cotserer, which is used solely to point o locations
within programs. Afler a LIST command, the Program Counter is set 1o pant 10 the location
immediately following the last location displaved on the screen, so that if you do another LIST
command it will conlinue with another sereenfull of instructions, starting where the first sereen
beft off,

THE MINI-ASSEMBLER

There s ancther program within the Monior® which allows you 1o 1ype programs into the Apple
in the same assembly format which the LIST command displays. This program 15 called the
Apple Mini-Assembler, It is a ““mini""-assembler because it cannot understand symbolic labels,
something that a full-blown assembler must do. To run the Mini- Assembler, type:

* The Mini-Assembber diees mol sctually reside in the Monitor BOM. bl s pan of sk Inscger BASH RN
sl This, i1 o Aol avasleble on Appde [l Plus systems or while Firmware Applesnlt I s in gse
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*FhHot

You are now in the Mini-Assembler. The exclamation point (1) is the prompt character, During
your stay in the Mini-Assembler, you can execute any Monitor command by preceding it with a
dollar sign (8h.  Aside from that, the Mini- Assembler has an instruction set and syntax all s
P,

The Mini-Assembler remembers one address, that of the Program Counter. Before vou starl 1o
enter a program, you must sel the Program Counter 1o point (o the location where vou wani vour
program 1o go. Do this by typing the address followed by a colon.  Follow this with the
mnemonic for the first instruction in your program, followed by a space. Now type the operand
of the nstruction (Formats for operands are listed on page 66). Now press [RETURN|. The
Mini- Assembler converts the line you typed imto hexadecimal, slores it in memaory beginning at
the location of the Program Counter, and then disassembles it again and displays the disassem-
bled line om top of your mpul line. 1t then poses another prompl on the next line. Now it's
ready Lo accept the second instruction in your program, To tell it that you want the next instruc-
tion to follow the first, don’t type an address or a colon, but only a space. followed by the next
mstruction’s maemonic and operand.  Press [RETURN| It assembles that line and waits for
another.

If the line you type has an emor in i1, the Mini-Assembler will beep loudly and display a
circumflex (*) under or near the offending characler in the input line. Most common errors are
the resull of typographical mistakes: misspelled mnemonics, missing parentheses, elc. The
Mini- Assembler also will reject the input line il you forget the space before or afler a mnemonic
or mclude an extraneous characier in o hexadecimal value or address. 1T the destination address
of u branch instruction is out of the range of the branch (mere than 127 locations distant [rom
the address of the instruction), the Mini- Assembler will also Mag this as an error,

TIg LDX #@2

Rige-—- Al B2 LDX #5902
! LDA 58X

wig2- RS W LA SHE.X
! 5TA 518 . X

#igd— 95 19 STA $19.X
! DEX

#id6— Ca DEX

! STA SCR3D

B3pT- By 3@ C# 5Ta SCH3e
! BPL 5382

HIidA— I1# Fa BPL Swiw2
P BREK

LR e e BRk

[

To exit the Mini-Assembler and re-enter the Monitor, cither press [RESET] or type the Monitor
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coonmand {preceded by a dollar sign} FEASC:

'RFF69CG

Your assembly language program 15 stored in memory, You can look at it again with the LIST
cormimiand:

« @@L

Hidf=— A B2 LIFX #5482
Hif2— B #@ LA SHE X
Hig4— o5 1l 5TA 518X
Higo— A EX

CRT R BD 38 C# STA LI ET
FigA— 18 F& BPIL SRR
Bigl— A# BEREK

HidD— L BREK

PINE— L] BRE

HIPF— (Y] HEk

Biie— (Y] BRK

(RN ES e BRE

B312- L BRK

#i11= L BRK

Hi14— e BRE

Hils=— i BRE

CERE T He BREK

HilT=— HH BREK

HilK= i BRK

Hiln= HH BEK

DEBUGGING PROGRAMS

As pul so concisely by Lubarsky®, ““There's always one more bug.” Don’t worry, the Monitor
provides lacilities for stepping through ornery programs (o find that one kst bug. The Monitor’s
STEP** command decodes, displays, and executes one instruction at a time, and the TRACE®®
command steps quickly through o program, stopping when a BRK instruction is executed,

Each STEF command causes the Monitor 10 execute the instraction in memory pointed to by the
Program Counter, The instruction is displaved in itz disassembled form, then executed, The
contents of the 658275 imlernal registers are displayed after the instruction is executed. After exe-
cution, the Program Counter is bumped up 1o poant o the next instruciion in the program,

Here's what happens when you STEP through the program vou entered using the Mini-
Assembler, abowve:

* Im Aderpie s Law, and fhber Reasons wiy Flvars (o Woone, edived by Anmbur Bloch, Price/SserndSloane 1977
*® The STEP and TR ACE commands are nod svailahle on Apples with the Autostart RO
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«J0@5

Hifdd— Al @2 LI HS5H2
A=A X=§2 Y=[}§ P=ig S=FH

=5

Hidl— BE5 #d LA SHE X
A=A X=§! Y=DE P=31d S=FH

.

Hidd— 25 18 STA S18.X
A= N=12 Y=DH P=18 S=F&

e] 2

dd11— B

L

Hign— CA DEX

A=l X=#]1 Y=DR P=38 S=F§

.5

#igT— By 3@ C# aTA SCeae
A=#C X=§1 Y=[8 P=3ip S=FH

.5

A~ I8 Fha BIPL SHId2
A=AC X=@1 Y=[0OR Pwmig S=F#H

w5

Higl— B W@ LA SHd. X
A=AR X=d1 Y=DRE P=38 5=F#

el

Rifd— 95 18 5TA 5l@.X

A=IB Xx=#1 Y=}8 P=318 5=F}

L]

Motice that aPler the third instruction was excouted, we examined the contents of location 12,
They were as we expected, and so we continued stepping. The Monitor Keeps the Program
Counter and the last opencd address separate (rom one another, 5o thal vou cin examine or
change 1he contents of memory while you are siepping through your program.

The TRACE command 15 just an infinite STEPper. It will stop TRACEing the execution of a pro-
gram only when you push [RESET| or it encounters a2 BRK instruction in the program. [ the
TRACE encounters the end of a program which returns 1o the Maonitor via an RTS instruction,
the TRACEing will run off into pever-never land and must be stopped with the [RESET] button.

oT

Hide— CA DEX

A=IR X=0#p Y=DB P=311 S=Fi
#id7— 8 3¢ C# 5TA SCHId
A=IB X=#d Y=DR P=31! S5=F&
#ifA— 1# Fé# BPL L1 Y P
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A=#E X=#8 Y=Di P=1! S=F§

#381- BS ## LDA 00X
A=A X=#@ Y=D4 P=10 5=F¥
LELE 95 19 STA $19.X
A=A X=#R Y=d P=Id 5=F§
Wiwe— A DEX
A=#A X=FF Y=D8 P=H# S=FR§
HigT— KD 3@ @ 5TA SCHIN
A=§A X=FF Y=1)4 P=B# S=F8§
#iga— 18 Fé BPIL. L RT
A=#A X=FF Y= P=B8 S=FH&
LRT I (L BRK
LR T A=A X=FF Y=DK P=H# S=FH§

EXAMINING AND CHANGING REGISTERS

As you saw above, the STEP and TRACE commuands displayed the contents of the 65825 inter-
nal regrsters alter each instruction, You can examine these registers a1l will or pre-sel them when
vou TRACE, STEP, or GO a machine lunguage program,

I'he Monitor reserves five locutions in memaory Tor the five 6582 registers: A, X, Y, P (processor
slatus regisler), and 5 lstack pointer). The Moaitor’s EXAMINE command, invoked by a
[CTRL E|, tells the Monitor 1o display the contents of these locutions on the screen, and lets the
location which hobds the 6582°s A-register be the next chungeable location. If you want o
change the values in these locations, just type a colon and the values separnted by spaces. Next
time vou give the Monitor a GO, STEP, or TRACE command, the Monitor will load these fve
lscutions into their proper registers inside the 6582 before it executes the first instruction in your
program.

o[CTRL E]

A=A X=FF Y=[}8 PF=H# S=FE
e BE A7

*[CTRL E|

A=HA X=#! Y=[E P=BH# S=FHK
e ARAS

#id6— A DEX
A=RE X=#1 Y=D8 P=3id S5=F%
o

HigT7— 2D 38 O 5TA SCHIE
A=B# X=@1 Y=DE P=1# S5=F4
'5

IdA— I8 Fé BPL S@3e2
A=HBE X=#1 Y=DE P=38 S=F3
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MISCELLANEOUS MONITOR COMMANDS

You can control the seting of the Inverse/Normal location used by the COUT subroutineg {see
page 321 from the Monmitor o that all of the Momtor's outpul will be m Inverse video., The
INVERSE command does this micely, Input hnes are stull displaved i Normal moede, however,
Te return the Monitor's outpat 1o Normal mode, use the NORMAL command.

AEEE— #A R #C @D AE #F D #4
WEFE— Co #1 F@ #R CA DF F& Ab

=0 F

FEHE— B8 BB AC H0D BE AF D@ d4
HEdE= o W1 F# B8 CA DR F& A6
&

«@.F

#FdE= #A #B B0 WD FE #F D# #4
EBE= C6 #1 F@ #H CA DB F& A6

The BASIC command, invoked by a [CTRL Bl lets you leave the Monitor and enler the language
installed in ROM on your Apple, usually either Apple Integer or Applesoft 1 BASIC. Any pro-
gram or variables that vou had previously in BASIC will be lost, I you've kel BASIC for the
Monitor and you want 1o re-enter BASIC with vour program and variables intact, usc the
[CTRL C] (CONTINUE BASIC) command. I vou have the Apple Disk Operating System (DOS)
active, the “ID@G command will return you 1o the himguage you were using, with your program
and variables intact,

The PRINTER command, activated by a [CTRL P|, diveris all outpul normally destined for the
screen 1o an Apple Imelligent Interface® in a given slol in the Apple's backplane. The siol
number should be from | 10 7, and there should be an interface card in the given slot, or vou will
lose control of your Apple and your program and variables may be lost. The format for the com-
mand i

[slot number) [CTRL P

A PRINTER command o slot number @ will reset the flow of printed output back 1o the Apple’s
viden screen.

The KEYBOARD command similarly substitutes the device in a given backplane slot for the
Apple's kevboard. For details on how these commands and their BASIC counterparts PR & and
INg work, please refer to "CSW and KSW Switches™, page B3, The format for the KEYBOARD
command 15:

lslot number] [CTRL K/

54



A slot number of B for the KEYBOARD command will force the Monitor to histen for wnput rom
the Apple’s buili-in keyboard,

The Monitor will alse perform simgple hexadecimal additbon and subtraction,  Just tvpe a ling in
ihe formuat;

fvalue] + [value}
lvalue] — [value]

The Apple will perform the arithmebc and display the reswlh:

« 2+13
=11

s A
=1F

s FF+4
=g 1
#31—4
=}

SPECIAL TRICKS WITH THE MONITOR

You can pul a8 many Monitor commands on a single hne as you like, a8 long as vou Separale
them with spaces and the wotal aumber of characters in the e 55 less thin 254, You can inter-
iy any and all commands Trecly, excep the STORE () command. Since the Monitor takes all
values following a colon and places them in consecutive memory locabons, the last value in a
STORE must be followed by a leter command before another address 13 encoumtered. The
NMORMAL command makes a good separator, it usually has no effect and can be used anywhere,

=100 307 308:18 69 1 N 398.382 3885 S

BIg0— 0@ BR 00 AR BE HF HE W
#3d0— 18 69 @I

ige— 18 CLC
A=#4 X=F1 V=D& P=3#§ S=F8
IRI— 69 A1 ADUC #S5HI

A=#5 X=#1 Y=DR P=1§ 5=F8

-

single-letier commands such as L, 5, [, and N need not he separated by spaces.

Il the Monitor encounters 4 characier in the inpul line which it does nol recognize as cither a
hexadecimal digit or a valid command character, it will execute all commands on the input line up
tip that character, and then grind 1o a halt sith a noisy beep, ignoring the remainder of the input
lime.

The MOVE command can be used to replicate a patiern of values throughout a range in memory.
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To do this, first store the patiern in 1s first pasition in the range:

“Jel. 11 21 33

Remember the number of values in the pattern: in this case, 3. Then use this special arfange-
ment of the MOVE command,

|start+number] < |start} . [end—number] M

This MOVE command will frst replicate the pattern at the locations immediaiely Following the
origimal pattern, then re-replicate that pattern following iself, and so on wntil 4 fills the entire

TEnge.
« 33300 . 12IM
« 388 32F

dide- 11 22 33 11 22 33 11 12
g388— 33 11 22 33 11 221 33 11
dite— 11 33 11 12 33 11 21 33
#318— 11 12 33 11 22 33 11 22
#328— 33 11 211 323 11 12 33 11
#328— 22 33 11 22 33 11 12 33

A similar trick can be done with the VERIFY command 1o check whether o pattern repeats nsell
through memory. This is especially uselul 1o verily that a given range of memory locations all
contain the same value:

=108 8

«1R01<300. 31

«J@ 1300, JIFY

@482

s i@ 1<38@ . 3 1FV

Wigi—dd (H1)
Wid4—dl (HH)

You can create a command line which will repeal all or part of 1sell indefinitely by beginning the
part of the command line which 15 1o be repeated with a letter command, such as N, and ending it
with the sequence 3d:.n, where 15 a hexadecmal number specifying the characler position of the
command which begins the loop, for the first character in the line, o=@ The value for » must
be followed with a space in order for the loop o work properly.

«N @R el 14:0

#ige— 11
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#igl— 13
gige— 11
#igz— 33
#ige— 11
#i82— 313
AIgE— 11
#182- 11
Wige— 11
#ig2— 13
#ige—= 11
§i1g2— 31
dig

The only way 1o stop a boop like this is o press [RESET

CREATING YOUR OWN COMMANDS

The USER ([CTRI Y]) command, when encountered in the input line, forces the Monitor to
jump o location number S3FE in memory. You can put your own JMP instruction in this loca-
tion which will jump to your own program. Your program can then either examine the Monttor's
registers and pointers or the input line itself. For example, here 15 a program which wsall make
the [CTRL Y| command act as o “comment”™ indicator:

the [CTRL ¥ ! will be displayed and ignored.

= bbbl
rigd: LDY 5314

Hifd— Ad 34

! LD 280.Y
Ripgl- BY #e
! ISR FDED
#igs5— 18 ED
Iy

Higs— R
'OOMP #58D

#ip9-— Y 8D
! BNE 382

#ign— D# F5
! IMP SFFR9

#ifh— 4C oY
'IFR: IMP 5109

#iFR- 4C W

Wl

FD

FF

#i

LDY

LDA

J5R

INY

LMF

BMNE

JMP

14

SNINN.Y

SFDED

#iKD

LT RT

$FFa%

SHINd
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'SFF69G

«[CTRL Y| THIS 15 A TEST.
THIS 15 A TEST.
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SUMMARY OF MONITOR COMMANDS

Summary of Monitor Commands.,

Examining Memary,
{adrs]

{adrsl . {adrs2]

[RETURN]

Changing the Contents of Memory,

fadrs):fwal} [wall ...

fval] wall .

Moving and Comparing.

{dest] < Istart). lend] M

Idest] < [start). lend]V

Saving and Loading via Tape.

{start]. |end | W

{stan).lend|R

Running and Listing Programs.

ladrsiG

ladrs] L

Examines the value contiined in one lociton

Displays the values contained in all locations
between {adrsl) and ladrs2].

Displays the values in up 1o eight locations fol-
lowing the [ast opensd location,

Stores the values in conseoutive memaory loca-
tions starting at {adrs).

Siores values in memory siariing al the nexi
changeable location.

Copies the values in the range |start]. [end] into
the range beginning at {dest).

Compares the values in the range {siart] jend)
to those in the range beginning at {dest].

Writes the wvalues in the memory range
{start) lend] onto wape, preceded by a ten-
second leader.

Reads values from tlape, storing them in
memory beginning a1 [stan] and stopping a
lend]. Primis “ERR' if an error occurs.

Transfers control 1o the machine language poo-
gram heginning ai |adrs],

Disassembles and displays 20 instructions, stari-
ing at {adrs], Subsequent L's will display 20
maore instruciions each,
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Summary of Manitor Enn.?lnl.i_

The Mini-Assembler
e
Sicommand)
SFFeDG

[adrs] S

ladrs) T

[CTRL E]
Miscellaneous.

4

CTRL B
CTRL C

(wval] + [val]

[val) = [val)

[slot] [CTRL P

[slot] [CTRL K]

(CTRL Y]

* Mol available in the Apple 1 Plas,
** Mol evailsbde in ibe Awicstart RO

Invoke the Mini- Assembler,®

Exceute 1 Monitor command from the Mini-
Assembler.

Leave the Mini- Assembler.

Disassemble. display, and execute the insiruc-
tion al ladrs}, and display the contenis of the
65825 imternal registers.  Subsequent S's will
display and execule successive instructions,**

Step infinitely. The TRACE command siops
only when i1l execules a BRE instruction or
when vou press [RESET).**

Display the coments of the 6582 s registers.

Set Inverse display mode.
Se1 Normal display mode,

Enter the language currently insialled in the
Apple's ROM.

Reenter the language currently installed in the
Apple’s ROM,

Add the two values and primi the resuli.

Subtract the second wvalwe from the first and
prini the resull,

Divert output 10 Lhe device whose inierface
card is in slot number [slot). If {slot) =@, then
route outpul to the Apple’s screen.

Accept input from the device whose interface
card is in skt number [stot]. If [slot] =@, then
accept input from the Apple’s kevboard.

Jump to the maching language subroutine at
location S3F8.



SOME USEFUL MONITOR SUBROUTINES

Here is a list of some useful subroutines in the Apple’s Monitor and Autostart ROMs. To use
these subroutines from machine language programs, load the proper memory locations or 6582
registers as required by the subroutine and execute a JSR to the subrouting’s starting address. It
will perform the function and return with the 6582°s regisiers set as described.

SFDED COuUT Output a character

COUT is the standard characteér output subrouting, The character to be outpul should be in the
agccumulator. OOUT calls the current character output subroutine whose address is stored in
CEW (locutions 536 and $37), wsually COUTI {see below)d,

SFDFW COoUTi Output Lo screen

COUT displays the character in the accumulator on the Apple’s screen at the current output cur-
sor position and advances the outpul cursor, It places the character using the setting of the
Mormal/Inverse location. It handles the control characters RETURN, linefeed, and bell. It
refurns with all régisters intact.

SFERM SETINY Set Inverse mode

Sets Inverse video mode for COUTL. All output characiers will be displayed as black dois on a
white background. The ¥ register is set o 33F, all others are unchanged.

SFER4 SETNORM  Set Normal mode

Se1s Wormal video mode for COUTL, All output characters wwill be displayed as white dots on a
black background, The Y register 15 set to 3FF, all others are unchanged.

SFDRE CROUT Generaie s RETURN
CROUT sends a RETURN character to the current output device.
SFDHR CROUTI RETURN with clear

CROUTI clears the screen from the current cursor position to the edge of the text window, then
calls CROUT.

SFDDA PREYTE Print a hexadecimal byie

This subrouting ouiputs the contenis of the accumulator in hexadecimal on the current culput
device. The contents of the accumulator are scrambled.

$FDE3 FPRHEX Print a hexadecimal digit

This subrouting outpuls the lower nybble of the accumulator as 4 single hexadecimal digit. The
contenis of the accumulator are scrambied.

SFodl PRNTAX Print A and X in hexadecimal

This outpuls the contents of the A and X reisters a8 a four-dight hexadecimal value. The accu-
mulator contains the first byte output, the X register contains the second, The contents of the
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accumulator are usually scrambled,
SF948 PRBLNK Print 3 spaces

Outpuis three blank spaces to the standard outpul device. Upon exit, the accumulator usually
contains 3AB, the X register coniains @

SFo4A PRBL2 Print many blank spaces
This subroutine outputs from | 1o 256 blanks o the standard output device, Upon eniry, the X

register should contain the number of blanks to be output. If X =58, then PRBL2 will oulput
256 blanks.

$FF3A RELL Output a “‘bell” character

This subroutine sends a bell (CTRL G) character to the current oulput device, It leaves the
accumulator holding 587,

SFEDD BELLI Beep the Apple’s speaker

This subroutine beeps the Apple’s speaker for .1 second at 1KHz. It scrambles the A and X
regisiers.

SFDRC RDKEY Get an input character

This is the standard character input subroutine. 11 places a Nashing input cursor on the screen at
the position of the outpul curser and jumps 1o the current input subroutine whose address is
stored in KSW (locations 538 and 339}, usually KEYIN (see below).

SFD3s RDCHAR Get an inputl character or ESC eode

RDCHAR is an aliernate input subrouting which geis characters from the standard input, bt also
interprets the eleven escape codes (see page 34),

SFDIR KEYIMN Read the Apple’s kevboard
This is the keyboard inpul subroutine. T reads the Apple's keyboard, waits for a kevpress, and

randomizes the random number seed (see page 32). When it gels a kevpress, it removes the
Nashing cursor and returns with the keycode in the accumulator.

SFDeA GETLN Get an input line with prompt

GETLN is the subrouting which gathers input lines (see page 33). Your programs can call
GETLN with the proper prompt character in location $33; GETLN will return with the input line
in the mput buffer (beginning at location $2) and the X register holding the length of the input
line.

SFDaT GETLNZ Get an input line

GETLNZ is an alicrnate eniry point for GETLN which issues a carriage return to the standard
output before falling into GETLN (see above).
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SFD&F GETLNI Get an input line, no prompt
GETLNI s an alternate entry point for GETLN which does not issue a prompt before it gathers
the input line. If, however, the user cancels the input line, cither with too many backspaces of

with a [CTRL X], then GETLNI will issue the contents of location $33 as a prompt when it geis
amther line,

SFCAS WAIT Delay

This subroutine delays Tor a specific amount of time, then returns o the program which called it
The amount of delay s specified by the contents of the accumulator. With A the contents of the
accumulator, the delay is V(264274 +5A% useconds. WAIT returns with the A register zeroed
and the X and ¥ registers undisturbe,

SFERd SETCOL Set Low-Res Graphics color

This subroutine sets the color used for plotting on the Low-Res screen Lo the color passed in the
accumulator. See page 17 for a table of Low-Res colors,

SFRSF NEXTCOL  Imcrement color by 3
This adds 3 to the current color used for Low-Res Graphics.
SFRER PLOT Plot a black on the Low-Res screen

This subroutine plots a single block on the Low-Res screen of the prespecified color. The block's
vertical position is passed in the accumulator, its horizontal position in the Y register., PLOT
returns with the accumulator scrambled. but X and ¥ unmolesied.

SFEID HLINE Draw a horizental line of blocks

This subroutine draws a horizontal line of blocks of the predetermined color on the Low-Res
screen. You should call HLINE with the vertical coordinate of the line in the accumulator, the
leftmost horizontal coordinste in the Y register, and the rightmost horizontal coordinate in loca-
tion $2C, HLINE returns with A and Y scrambled. X intact,

SFu2K YLINE Draw a vertical line of blocks
This subroutine draws a vertical line of blocks of the predetermined color on the Low-Res SCTeern,
You should call VLINE with the horizontal coordinate of the line in the Y register, the top verti-

cal coordinate in the accumulator, and the bottom veriical coordinate in location %20, VLIMNE
will return with the sccumulator scrambled.

SFR312 CLRSCR Clear the entire Low-Res screen

CLRSCR clears the entire Low-resolution Graphics screen. If vou call CLRSCR while the video
display is in Text mode, it will fill the screen with inverse-mode @™ characters. CLRSCR des-
trovs the contents of A and Y.

SFEla CLRETOP Clear the top of the Low-Res screen

CLRTOP is the same as CLRSCR {(above), excepl that it clesrs only the top 40 rows of the
BCICEN,
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SFaTI SCRMN Read the Low-Res screen

This subroutine returns the color of a single block on the Low-Res screen. Call it as you would
call PLOT {above). The color of the block will be returned in the accumulator, Mo other regis-
ters afe changed.

SFRIE PREAD Read a Game Controller

PREAD will return a number which represents the position of a game controller. You should
pass the number of the game controller (@ 10 3) in the X register. IF this number 15 not vald,
strange things may happen. PREAD returns with a number from $8@ to SFF in the ¥ register.
The accumulator is scrambled,

SFFID FRERR Print “ERR™

Sends the word “ERR™, followed by a bell character. to the standard output device. The accu-
mulatar is scrambled,

SFFaa IDSAVE Save all registers

The coments of the 6502°s internal regisiers are saved in locations 345 through 34% in the order
A-X:¥-P-5. The contents of A and X are changed, the decimal mode 15 cleared.

SFFIF IOREST Restore all registers

The contents of the 6582°s internal registers are loaded from locations 345 through $49.



MONITOR SPECIAL LOCATIONS

L Tailr |-1! Fage Three Moniter Lm:ali-l-nu__
Address: Lise: -
Decimal — Hes | Monitor ROM — Autostan ROM

1 s 53Fd Hobds the address
| ey S3F1 of the subroutine
which handics
il maching  language |
“BRK™  reguesis
. (normally SFAS9).
::}? ::IJ;; MNone. 5ot Entry Vector,
1812 SiF4 Nnne Power-up Byle.
| 1@} SIFS [Holds @ “JuMP” instruction 1o the
| 1814 S3F6 | subroutine which handles Applesoft 1
(815 SIFT | & communds.® MNormally $4C 558
| SFF.

| 1816 S3F8 | Holds 4 “IuMP” instruction 1o the

i 53FY | subroutine which handles “USER™
Q18 SdFA | ([CTRL ':!'bcmmmlr::h.

1819 S3FB | Holds a “"JuMP" instruction 10 the
1a2a SIFC | subroutine  which  handles  Non-

B :!.H:."I $IFD | Maskable Interrupts.

1822 $IFE | Holds the address of the subroutine
| rx $IFF | which handles Interrupt ReQuests,

* Sie rﬂiﬂf |=-;.":t i |l1¢ Applisall 11 BASIC Reference Mamnual
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MINI-ASSEMBLER INSTRUCTION FORMATS

The Apple Mini-Assembler recognizes 56 mnemonics and 13 addressing formais used in 6582
Assembly  language programming, The mpemonies are sltandard, as wsed in the MO
Technelogy/Synertek 6500 Programming Manual {Apple part number A2LO033), but the
addressing formats are different. Here are the Apple standard address mode (ormats Tor 6582
Assoembly Languagpe,;

"Table 15: Mini-A ssembler Address Formats |
| Mude: Eormal:
I_A.ﬂ'umujulnr Mone.
| Immediae #5lvalue
| Absolute Sladress)
| Zero Page S laddress) |
Indexed Fero Page  Sladdress]. X
Sladdress). Y
Indesed Absolute $laddress], X
Sladdress].Y
Implied MNaone,
Relative Sladdress] |
Indexed Indirect (${address].X) |
Indirect Indexed (S|address]). Y
Absolute Indirect  (Sladdress|)

An |address] consisis of one or more hexadecimal digiis. The Mini-Assembler interpreis
addresses in the same manner that the Monitor does; if an address has fewer than four digits, i
adds leading zeroes; if it has more than four digits, then i uses only ithe lasi four.

All dollar signs (Sh, signifying that the addresses are in hexadecimal notation, are ignored by the
Mini- Assembler and may be omitted.

There 15 no syntactical distingtion between Lthe Absolute and fero Page addressing modes, 1 vou
give an mstruction o the Mini-Assembler which can be used in both Absolute and Zero-Page
mode. then the Mini-Assembler will assemble that instrection in Absolute mode if the operand
for that instruction s greater than SFF, and i1 will assemble that instruction in Zero Page mode if
the operand for that instruction 15 less than 58188,

Instructions with the Accumulaios and Implied addressing modes need no operand

Branch insiructions, which use the Relalive addressing mode, require the morged address of the
branch, The Mini-Assembler will awtomatically figure oui ihe relative distance 1o use in the
instruction, I the tirgel address is more than 127 locations disiant from the instruction, then the
Mini- Assembler wil sound & “beep™, place a circumfex (°) under the target address, and ignore
the lime,

If you give the Mini-Assembler the mpnemonic for an instruction and an operand, and the
addressing mode of the operand cannot be used with the instruction you entered, then the Mini-
Assembler will miot accept the hing,
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CHAPTER 4
MEMORY ORGANIZATION




The Apple’'s 6582 microprocessor can directly reference a wotal of 65,536 distingt memory loca-
tions. You can think of the Apple’s memory as a book with 236 “pages™, with 256 memory loca-
tions on each page. For example, “page $38™ is the 256 memary locations beginning at locution
L3088 and ending at location S38FF. Since the 6582 uses two eight-bit bytes to form the address
ol any memory location, you can think of one of the byles as the page mumber and the other as
ihe Iocafow within e page.

The Apple's 256 pages of memory fall into three categorics: Random Access Memory (RAM),
Read-Only Memory (ROM), and Input/Ouipul locations (1701, Different areas of memory are
dedicated 1o different functions. The Apple’s basic memary map looks like this:

| System Memory Map |
Page Number
Decimal  Hex
é Sip
1 S@1
2 S@2
: : RAM (45K)
198 SBE
191 SBF
192 SO0
193 b |
LD 12K
198 $Ch
199 $C7
2 SCH
281 509
' ' 10 ROM (2K)
206 SCE
a7 SCF
JOE S04
Jig 51
' : ROM (12K)
254 SFE
| 255 SFF

Figure 5. System Memory Map

RAM STORAGE

The area in the Apple’s memory map which is allocated for RAM memory begins at the botlom



of Page £ero and exiends up 1o the end of Page 191. The Apple has the capacity 1o house from
4K (4,096 byies) to 48K (49,152 bytes) of RAM on its main circuil board, In addition, you can
expand the RAM memaory of your Apple all the way up to 64K (63,536 bytes) by installing an
Apple Language Card (part number AZBM06). This extra 16K of RAM takes the place of the
Apple’s ROM memory, with two 4K segments of RAM sharing the 4K range from SDO#9@ 1o
SDFFF.

Mosl of your Apple’s RAM memory is available to you for the storage of programs and data.
The Apple, however, does reserve some locations in RAM Tor use of the Svstem Monitor, vari-
ous languages, and other system functions. Here is a map of the available areas in RAM
MEmary:

Table 16: RAM Organization and !:I..'Lm

Page Number:

Decimal  Hex | Vs For

é 58 | System Programs

| S8 | System Stack .
2 a2 GETLN Input Buffer |
3 583 | Monitor Vector Locations

4 4 -

-] S85 | Text and Lo-Res Graphics

[ $#% | Primary Page Storage

7 S87

8 Sé8

9 $#9 | Text and Lo-Res Graphics

@ $0A | Secondary Page Storage

11 B

FREE

12 3

through

3l SIF

. — RAM

12 S | Hi-Res Graphics

through Primary Page
(63 SIF | Storage

&4 848 | Hi-Res Graphics

through Secondary Page

93 85F | Storage

6 St

through

191 SBF

Following is a breakdown of which ranges are assigned 1o which functions:

Zera Page. Due 10 the construction of the Apple’s 6582 microprocessor, the lowermasi page in
the Apple’s memory is prime real estate for machine language programs. The System Monitor
uses about 20 locations on Page Zero. Apple Integer BASIC uses a few more; and Applesofl 11
BASIC and the Apple Disk Operating System use the rest. Tables 18, 19, 20, and 21 show the
tocations on zero page which are used by these system functions.

Page One. The Apple’s 6582 microprocessor reserves all 256 bytes of Page | for use us i

“stack™. Even though the Apple usually uses less than half of this page at any one time, it is not
casy 1o determing just what s being used and what is lying fallow, so you shouldn™t try 10 use
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Page | 1o store any data.

Page Twe. The GETLN subroutine, which 15 used 1o get input lings by most programs and
languages, uses Page 2 as its inpul buffer. I you're sure thal you won't be typing any long inpu
limes, then vou can (somewhat) safely store temporary data in the upper regions of Page 2.

Page Three. The Apple's Monitor ROM (bath the Auostan and the original) use the upper six-
teen locations in Page Three, from location $3F@ 1w $3FF (decimal 1808 10 1823). The
Monitor's use of these locations i$ outlined on page 62

Pages Four through Seven. This 1,024-byte range of memory locations is used for the Text and
Low-Resolution Graphics Primary Page display, and is therefore unusable lor storage purposes,
There are 64 locations in this range which are not displaved on the screen. These 64 locations are
reserved for use by the peripheral cards (sec page 82).

RAM CONFIGURATION BLOCKS

The Apple’s RAM memory is composed of eight o 24 imegrated circuits. These IC's reside in
three rows of sockets on the Apple board. Each row can hold eight chips of either the 4,096-hil
(4K) or 16.384-bit (16K) variety. The 4K RAM chips are of the Mostek 4096 family, and
may be marked “"ME4096" or “MCM6&604. The 16K chips are of the “4116™ type, and may
have the denomination “*MK4116™ or “UPD41607". Each row musi have eight of the same Lype
of chip, although different rows may hold different 1vpes.

A row of eight 16K 1C's represents 16,384 eight-bit bvies of RAM. The lefimost 1C in a row
represents the lowermost (least significant) bit of every byte in that range. and the rightmaost 1C
in & row represents the uppermost (most significant) bt of every byte. The row of RAM IC's
which is frontmast on the Apple board holds the RAM memory which begins at location @ in the
memary map; the next row back continues where the first lefl off.

You can tell the Apple how much memory it has, and of what type it is. by plegging Memony
Configurarion  Blocks into three 1C sockeis on the left side of the Apple board. These
configurstion blocks are three 14-legged eritiers which look like big, boxy integrated circuits, But
there are no chips inside of them; only three jumper wires in each. The jumper wires “'sirap™
cach row of RAM chips into a specific place in the Apple’s memory map. All three configuration
blocks should be strapped the same way, Apple supplies several types of standard conhiguration
blocks Tor the most common system sizes, A sl of these was installed in your Apple when it was
built, and you get a new set each time you purchase additional memory for your Apple. 1f, how-
ever, you wanl 1o expand your Apple’s memory with some RAM chips that you did not purchase
from Apple, you may have io construct your own configuration blocks lor modify the ones
already in vour Apple).

There are nine different RAM memory configurations possible in your Apple. These nine

memaory sizes are made up from vanous combinations of 4K and 16K EAM chips in the three
rows of sockels in your Apple. The mine memory configurations are:
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4K | e |
51008

4K mi’qﬁ
| |

L

“E‘:’;:“ 48K K 32K 24K 20K 16K 12K BK 4K

Figure 6. Memory Configarations

O the Tourteen “legs™ om each controller block, the three in the upper-right corner (looking at i
from abovel represent the three rows of RAM chips on the Appie’s main board. There should
be a wire jumper from each one of these pins to another pin in the conhguration block. The
“other pin’’ corresponds o a place in the Apple’s memory map where you want the RAM chips
in gach row 1o reside. The pins on the configuration block are represented thos:

4K range S8N0-50FFF | / O f4 | Frontmost row (7°C™)
4K range S1808-51FFF IF | Muddie row (D7)
4K range 32000-52FFF 2 | Backmost row (“E™)
4K range S3I0M-SIFFF [l | No connection.

4K range 54008-54FFF Fir | 16K range S0088-S3FFF
4K range SSOM-S3FFF B | 16K range S40-STFFF
4K runge SEAOB-5EFFF | 16K range 33080-3BFFF

|=43~'-"|-It'-1-'~.-

b

Figure 7. Memory Configuration
Block Pinouts

If & row contans 2ight chips of the 16K vanely, then you should connect a jumper wire rom the
pin corresponding 1o that row 1o a pin corresponding 1o a 16K range of memory, Similarly, il a
row conlains eight 4K chips, vou should connect a jumper wire from the pin for thal row o a pin
corresponding (o a AK range of memory, You should sever pul 4K chips in a row strapped for
16K, or vice versa. Il s also not advisable 1o leave o row unstrapped, or 1o strap 1wo rows into
the same range of memory,

You should always make sure that there is some kind of memory beginning at location 8. Your

Apple’'s memory should be in ong contiguous block, but it does nol need 1o be. For exampie, if
vou have only three seis of 4K chips, bul you want to use the primary page of the High-
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Resclution Graphics mode, then yvou would strap one row of 4K chips (o the beginming of
memory (4K range SP8 through SBFFF), and sirap the other two rows (o the memory fange
used by the High-Resolution Graphics primary page (4K ranges 52888 through $2FFF and 53004
through S3IFFFY. This will give you 4K hyies of RAM memory to work with, and 8K byies of
RAM to be used as a picture buffer.

Motice that the configuraion blocks are installed into the Apple wath their from edges (the edge
with the white doi, representing pin 1) towards the front ol the Apple

There is a problem in Apples with Revision @ boards and 20K or 24K of RAM. In these systems,
the 8K range of the memaory map from 54088 w0 S5FFF is duplicated in the memory range 608
to 3TFFF, regardless of whether it contains RAM or not. So systems with only 20K or 24K of
RAM would appear 1o have 24K or 36K, but this exira RAM would be only imaginary. This has
been changed in the Revision 1 Apple boards

ROM STORAGE

The Apple, in 18 natural state, can hold from 2K (2,048 bytes) wo 12K 112,288 bytes) of Read-
Omly memory on its main board. This ROM memory can include the System Maonitor, a couple
of dialects of the BASIC language, various sysiem and utility programs, or pre-packaged
subroutines such as are included in Apple's Programmers Aid & 1 ROM.

The Apple’s ROM memory resides in the top 12K (48 pages) of the memory mag, beginning at
location D08, For proper operation of the Apple, there must be some kind of ROM in the
upppermost locations of memory, When you lurn on the Apple’s power Supply, the microproces-
sor must have some program 1o execule. 11 goes o the top locations v the memaory map for the
wddress of this program. In the Apple, this address is stored in ROM, and is the address of 4 pro-
gram within the same ROM. This program inilializes the Apple and bets you start 1o wse it (For
a description of the startup cvele, see “The RESET Cycle™, page 36.)

Here is a map of the Apple’s ROM memory, and of the programs and packages that Apple
currently supports in ROM:

L o ﬂ-+1|;cT“"!l’:?]’!:—EEM Organization and Usage

age Number: :
ecimal Hex iaed By
B SD@ =

ifi - Programmer's Aid #1
216 SDE
228 sDC Applesolt
224 SE# 1
228 SE4 BASIC
232 SES Integer BASIC
236 SEC
249 L1 S
244 SF4 Litility Subroutines
48 SFR | . .
153 SFC Hﬂn_llnr ROM Autostart ROM
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Six 24-pin IC sockets on the Apple’s board hold the ROM integrated circuits. Each socket can
hold one of a type 93168 2,(M8-byte by 8-bit Read-Only Memory. The leflimost ROM in the
Apple’s board holds the upper 2K of ROM in the Apple’s memory map; the righimost ROM IC
hodds the ROM memaory beginning at page SD® in the memaory map. I a ROM is not present in
a given sockel, then the values contained in the memory range corresponding 1o that sockel will
b unprediciable.

The Apple Firmware card can disable some or all of the ROMs on the Apphe board, and substi-
tute its own ROMs in their place. When you have an Apple Firmware card installed in any slot in
the Apple’s board, you can disable the Apple’s on-board ROMs by Mipping the card’s controller
switch 1o its UP position and pressing and releasing the [RESET] bution, or by referencing location
SCBBR (decimal 49280 or -16256). To enable the Apple's on-board ROMs again, flip the con-
teodler switch 10 the DOWN position and press [RESET|, or reference location $C881 (decimal
49281 or -16255). For more information, see Appendix A of the Applesaft 11 BASIC Program-
ming Refereoce Manuoal.

I/0 LOCATIONS

4,096 memory locations (16 pagesh of the Apple’s memory map are dedicated 1o inpul and ouiput
functions. This 4K range begins at location SCAM (decimal 49152 or -16384) and exiends on up
to location SCFFF (decimal 53247 or -12289). Since these functions are somewhal intricate, they
have been given a chapier all 1o themselves. Please see Chapter 5 for information on the alboc-
tion of Input/Cuiput localions,
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ZERO PAGE MEMORY MAPS

e

L Table 18: Monitor Zero Page Usage .
Decimal ¢ 1 2 3 4 5 & 7 3a 9 14 11 12 13 14 15
Hex %8 S1 %2 53 54 35 % 57 S8 39 35a 5B 3C 3D SE SF)
| @ S '
16 518
2 5N
48 538
b4 540
B 550
96 560
112 570
|28 5E@
44 350
6@ SAR
176 SB#
(192 SC@
| 288 SDa
| 224 SE®
249 SF8 _ : |

L B O
L B B
L B B B
L BN B BN
& W
& & & @
L]
L]
-
L
L
L
L ]
L]
L]
L]

Table 19: Applesoft 11 BASIC Zero Page Usage

ooy, 801 2 3 & 35 6 7 T 0NN & 1t 15
Hex S8 SI 52 S3 S4 S5 56 ST S8 39 SA SB- 5C 5D SE SF

] S - & . & @ - - - L] . - »
s 5ia " @& @& @® @® & ® @ %

2 s

48 538

64 S48

29 LT ] ™ » . - . - - - L] - L L] L L L L
Uy SH@ » . ® @® ® = @® ® & ® - . " . - .
I 112 578 s ® @& @® @® @® ®w ® ® ® - " ] L] . .
' 128  S8@ - - & ] - L] & - - L] L] L] L] ] ] -
[ 144 59 ® ® @® @® @& ® ®w ®w & @ - . . w . .
6@ SAB - - ] ] L] L] L] L] - - L] L L] L] L] -
|76 SBA - - L) L] - L] L] L] L] - L] L] L] L] L] -
192 SC@ - L] L] ] L] L] L] [ ] ] L] [ L] & -

MR8 s8R - [ 1 [ 1 ] ] [ ] L] [ ] - L] [ ] ] - L ]
204 IFE@ L L] L] - L] L] L] - L] -

248 5F@ i_l ] " & @& & i & @ -
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S ___ Table 20: Apple [HOS 3.1 Zero Page Usage :

Decimal § 1 2 1 4 % & 1 £ % 1@ 11 12 13 1% 5|
Hex 51! 51 32 53 4 85 56 57 SR %9 %A 3B SC 5D 3E SF|

- 355 : it L =

16 S8

12 528 & L] - . . & [ -

45 538 . = @

fd S4B | = - " - * [ ] - w » - . L[] .

B0 558

85 ShH@ & & - - ]

112 578 .

128 SE@

44 598

| 168 SAQ L

176 SH@ .

192 %W ™ ™ ™ .

ME S0 | o

224 SEB®

| 290 5FO

-
-
L
L

Table 21: Integer BASIUC Zero Page Usage

Decimal g 3+ 2 ¥ 4 % 6.7 & ¥ W 0 ¥ 11T 4 B
Hex 58 81 _EJ.' 3.’{ 54 85 %6 57 3B %9 SA SB SC SD SE SF

; ‘ia o . A 38 - 2 AP
6 5@
32 a8
48 538
64 S4B
EA 55@
9 S6@
112 578
128 SEB
144 590
6@ SA@
176 SB#
192 SC@
JHE 51
2M SE@
248 SF@

L B B I B B R
& & & & B B & @

C T T I Y

C O I

L I I I B B

L I I B B B B O]
8 8 8 BB EBE
@ 8 8 8 B8 88
LI I R ]
[ B T B ]
L I T R
I T
L I T O T
L B I O B B B R
N NN
"R

15






EHAPTER J
INPUT/OUTPUT STRUCTURE




The Apple's Inputl and Output functions Tall into two basic calegories: those Tuncions which are
performed on the Apple’s board itself, and those [unctions which are performed by peripheral
interface cards plugged into the Apple’s cight peripheral “slots™, Both of these functions com-
mumnicate o the micropeocessor and vour programs via 4,086 locations in the Apple’s memary
map. This chapier describes the memory mapping amd operation of the vanous input and output
controls and functions. the hardware which executes these functions is described in the nexl
chipler,

BUILT-IN 1I/O

Most of the Apple’s imherent 10 fucilities are described briefly in Chapter 1, * Approaching your
Apple”. For a short description of these fucilities, please sec that chapter,

The Apple's on-board /O functions are controlled by 128 memory locations in the Apple’s
memory map, beginning al location SC#M and extending up through location SCRTF {decimal
49152 through 49279, or - 16384 through -16257). Twenty-seven different Tunctions share these
128 locations. Obviously, some (unctions are affected by more than one location: in some
instances, o5 many as sixteen different locations all can perform exactly the same function. These
128 locations fall into five 1vpes: Dita Inpuis, Strobes, Soft Switches, Toggle Swiches, and Flag
inpats.

Data Inputs, The only Data Input on the Apple board is a location whose value represenis the
current stalte of the Apple’s buili-in keyboard. The uppermost bt of this input 5 akin 10 the Flag
Inputs (see below); the lower seven bils are the ASCI code of the key which was most recently
pressed on the keyboard.

Flag Inputs. Maost built-in input locations on the Apple are single-bit “flags’. These [lags appear
in the highest (eighth) bil position in their respective memory locations,  Flugs have only two
values: ‘on” and ‘ofl”. The setiing of a Mag can be tested easily from any language. A higher-
level language can use & “PEEK” or similar command 1o réad the value of a flag location: il the
PEEKed value is greater than or equal to 128, then the flag is on: if the value is less than 128,
the flag is off, Machine language programs can lowd the contenis of a Mg location into one of the
650275 internal registers (or use the BIT instruction) and branch depending upon the setting of
the N (sign) Nag. A BMI instruction will cause a branch if the Mag is on, and & BPL instruction
will cause a branch if the fag 15 ofl

The Single-Bit (Pushbutton) inpuis, the Cassene input, the Keyboard Strobe, and the Game Con-
troller inputs are all of this 1ype.

Strobe Outputs. The Utility Strobe, the Clear Keyboard Strobe, and the Game Controller Strobe
are all controlled by memory locations, I your program reads the contents of one of these loca-
tions, then the function associated with that location will be activated. In the case of the Unlity
Strobe, pin § on the Game 1/0 connector will drop from +35 volis 1o 0 volts for a period of 938
microseconds. then rise back 10 +35 again; in the case of the Kevboard Strobe, the Keyvhoard's
flag input (see above) will be turmed off: and in the case of the Game Controller Sirobe, all of the
fMlag inputs of the Game Controllers will be wurned off and their timing loops restarted.

Your program can also trigger the Keyboard and Game Controller Strobes by wrning to their con-
trofling locations, but you should not write 1o the Utility Strobe location. I you do, you will pro-
duce twe 98 microsecond pulses. about 24.43 nanoseconds apart, This is dug 1o the method in
which the 6582 writes to a memaory location: first it rewds the contents of that location, then
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writes over them. This double pulse will go unnoticed for the Keyboard and Game Controller
Strobes, but may cause problems il it appears on the Utlhity Sirobe.

Toggle Switches, Two other strobe outputs are connected internally to two-state “fip-Mlops™
Eich time vou read from the location associated with the strobe, n1s Mip-flop will ““woggle™ w0 ns
other state, These woggle switches drive the Cassetle Outpul and the internal Speaker. There is
no praciical way 1o detcrmine the setting of an internal toggle switch, Because of the nature of
the topele swiiches, you should only read from theirr controlling locations, and aot write 1o them
(see Strpbe Outpuls, aboyve).

Soft Switches, Soll Swilches are two-posiion switches in which each side of the switch is con-
iretled by an individual memory locabion. 5 vou referénce the location for ong side of the
switch, it will 1hrow the switch that way; if you reference the location for the other side, it will
throw the switch the other way, [t se1s the swatch withouwl regard 1o its former setting, and there
5 no way 1o determine the position o soft switch 15 in. You can safely write 1o soft swilch con-
trofling locations:  two pulses are a5 good as one (see Strobe Ouiputs, above). The Annuncator
ouiputs and all of the Video mode selections are controlled by soft switches.

The special memory locations which control the buili-in Input and Ouiput functions are srranged
thus:

Table 22: Buili-In 1/0 Locations ]
58 51 5! 53 54 55 56 57 S8 5% 3A SB SC SD SE SF
SO0 | Kevboard Data Inpit
SCAR | Clear Keybourd Strobe
SCP20 | Cassetie Duiput Toggle
SCR3B | Speaker Togele

SCR48 | Unility Strobe

SOPSE | k| semix | i wi | sev | lores | hires ani | an | an2 and
SCB8 | on | phi phl | pod | gob [ gel | @ | ol  repeal SOBGR-S080T

SCATH {ianw-ff-nnmﬁlu:r Sirobe

Key to ahbreviations:

gr  Sct GRAPHICS mode (x  Set TEXT mode
nomix 5S¢l all wext or graphics mix  Mix text and graphics
pri Dasplay primary page sec  Display secondary page
lores  Dhsplay Low-Res Graphws  hires  Display Hi-Res Graphics
an  AnNURCIELST OulpuLs pb  Pushbutton inputs
g Game Controller inputs ¢in  Casseute Input

PERIPHERAL BOARD 1/0

Along the back of the Apple’s main board is a row of cight long “slots™, or Penipheral Connec-
iors. Into seven of these eight sbois, you can plug uny of many Penpheral Interface boards
designed especially for the Apple. In order to make the peripheral cards simpler and more versa-
tile, the Apple’s circuitry has allocated a 1otal of 280 byte locations in the memory map lor cach
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of seven slots. There 15 also a JK byte ““common area’, which all peripheral cards in vour Apple
can share

Each slot on the board s individually numbered, with the lefimost sbot called **Slot 8" and the
righimost called ““Slot 7. Slot @ 15 special: it is meam for RAM, ROM, or Interface expansion
All other slots (1 through 7) have special control lines going 1o them which are active at different
times For different slolg

PERIPHERAL CARD 1/0 SPACE

Each slot is given sixieen locations beginning st location SCRER for gencral input and output pur-
poses.  For stol @, these sixieen locations fall in the memory range SCBR@ through SCBRF; Tor
slot 1, they're in the range SC# through SCBIF, er cetera. Fach peripheral card can use these
bocations as it pleases. Each peripheral card can determine when it is being selected by listening 1o
pin 41 (called DEVICE SELECT) on its peripheral connector, Whenever the voltage on this pin
drops 1o 0 volts, the address which the microprocessor is calling is somewhere in that peripheral
card’s 16-byvie allocation. The peripheral card can then look ai the botiom four address lines 1o
determine which of its sixieen addresses is being called.

_ Table I3: Peripheral Card 1/0 Locations M)
[8 51 S2 53 S4 55 S$6 §/ S8 9 SA SB SC SD SE SF
SCPR8
SCHo8 |
SCAAR 2
SCoBe Input/Cutput for slot number 3
SCRCe 4
SCHDA 5
SCRED (3
SCRFa 7

PERIPHERAL CARD ROM SPACE

Each peripheral slot also has reserved for it one 256-byie page of memory. This page is usually
used to house 256 bytes of ROM or Programmable ROM (PROM) memory, which contains driv-
ing programs or subroutines for the peripheral card. In this way, the peripheral interface cards
can be “intelligent’ " they contain their own driving sofltware: you do not need 1o load separate
programs in order to use the interface cards.

The page of memory reserved for each peripheral slot has the page number $Cn, where » is the
slol number. Slot @ does not have a page reserved for it, 5o you cannol use most Apple interface
cards in that slot. The signal on Pin | (called 170 SELECT) of each penpheral slot will become
active (drop from +3 volts 10 ground) when the microprocessor is referencing an address within
that slor’s reserved page. Peripheral cards can use this signal to enable their PROMS, and use the
lower eight address lines 1o address each byte in the PROM.
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e —— "~ Table 24: Peripheral Card PROM Laocations = =
T (389 510 S20 330 S48 S5P SoB ST0 SBR SR SAW SBA SCA SDB SER SKD

SO 188
p
SCI10e
SC4Pe PROM space for slot number
SO0
SCGM
SCTH

I-u.lﬂﬁ'.h-ll-'.hll‘\-lﬂ-

1/0 PROGRAMMING SUGGESTIONS

The programs in peripheral card PROMs should be portable, that is, they should be able 1o func-
tion correctly regardless of where they are placed in the Apple’s memory map. They should con-
1ain no absolule references 1o themselves. They should perform all JuMPs with conditional or
forced hranches,

OF course, vou can fill a peripheral card PROM with subroutines which are mof portable, and your
only loss would be that the peripheral card would be slot-dependent, If you're cramped for space
in a peripheral card PROM, you can save many byles by making the subroutines slot-dependent.

The first thing that a subrouting in a peripheral card PROM should do is to save the values of aff
of the 6582°s internal registers. There 15 a subroutine called IOSAVE in the Apple’s Monitor
ROM which does just this. It saves the contents of all internal registers in memory locations 543
through $49, in the order A-X-Y-P-5  This subroutine starts atl location SFF4A. A companion
subrouting, called IORESTORE. restores afl of the internal registers from these storage locations.
You should call this subroutine, located at SFF3F, before your PROM subroutine finishes.

Most single-characler inputl and output is passed in the 5302°s Accumulator, During output, the
character to be displayed is n the Accumulator, with iis high bit set. Dunng mpul, your
subrouting should pass the character received from the input device in the Accumulator, also
with itz high bt set,

A program in a peripheral card’s PROM can determine which slol the card is plugged into by exe-
cuting this sequence ol instructions:

aige- 28 4A FF ISR SFF4A

find- 18 SEI
pind. 28 5% FF J5R SFF5E
#iaT- BA TsX

Bigs- BD @@ @81 LA SP1de. X
BIRE- D FE @7 5TA SOTFY
BIBE - 29 BF AND  #S8F
Bile- AR TAY

After a program execuies these steps, the slot number which its card is in will be stored in the
6582°s Y index register in the format $8r, where o is the slot number, A program in the ROM
can Turther process this value by shifting it four bits 10 the lefi, 1o oblain S

L ERE 98 TYA
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ailz- #A ASL

Ril3- A A ASL
Bilg- 1LEY ASL
#irs- A ASL
Bilh- A TAX

A program can use this number in the X index register with the 65825 indexed addressing mode
1o refer to the sixteen 170 locations reserved Tor each card.  For example, the instruction

nirT. BD B8 C# LA SCHER X

will load the 6582"s sccumulator with the contents of the first 170 locwtion used by the peripheral
card, The address SCBED is the base sddress Tor the first location used by all eight peripheral
slots. The address SCB81 i the base address Tor the second 170 location, and so on. Here are
the base addresses lTor all sixteen L0 locations on cach card;

- Table 25: 1/0 Location Base Addresses
Base - Sl
Address # | 2 1 4 5 [ 7

SC@RR SCHEE SC@of SCRAR  SCaBd SCACR SCRDa SCALER SCRFR
SCEE) SCRR] SCHG] SCAAL SCAR1 SO SCRD| SCREL SCOF1
SCRE2 SCBR2 SCW2 SCPAA2 SCRR? SCRC2 SCRD2  SOeE? SCRE?2
SCeR1 SCBES SCHI SORAL SCHBI SOBC3 SCADA SCRES SO@E S
SCPs4 SCRE4 SCR94 S08A4 SCAB4 S08C4 SCAD4 3094 SCaF4
SCR85 SCBRS SO BOEAS SCHBRS  SOWCS SCPDA SCHES SCRES
SCMEG SCHRA SO 308A6 SOCABE  SOBCH SCADG6  30WES SCPFs
SCps? SCHRT SCP97T  SO@AT SCART  SO8CT sSCen? SCRET SCRET |
SOCRARN SCHEE SR8 SCRAR SCABRS SCBCE SCRDE SCRES SOOI
SCpRg SCRED SCP9S  SCPAD SCHBY SCWC9 SCADY  SCRE9 SCAF9 |
SCHEA SCBEA  SOUMYA  SCPAA SCBBA  SCACA SORDA SCREA  SCBFA
SCRER SCEER  SCMB  SCRAR  SOCPBE  SOBMCH  SCADB SOPEB SOPOFR
SCPRC SCMRC SORC SCRAC SCBBC SCROC ORI SCREC SCBFC
SCHED | SCRED  SCMND SC8AD SCPBD SOACD  SCBDD SCRED SCRFD
SCRRE SCHSE  SOW9E SC@AFE  SOOBE  SOBCE SCBDE SCRFE SCOFE
SCRRI SCBEF SCR9F  SCWAF SOBRBF SCBCKF SCBDF SCAFF  SORFF
[0 Locitions

PERIPHERAL SLOT SCRATCHPAD RAM

Each of the eight peripheral shots has reserved for it 8 locastions in the Apple's RAM memory.
These 64 locations are actually in memory pages 384 through SA7, inside the aren reserved Tor the
Text and Low-Resolution Graphics video display. The contents of these locations, however, are
mi displayed on the screen, and their contents are nol changed by normal screen operslions.”
The peripheral cards can use these locations Tor temporary storage of data while the curds are in
operation.  These “scratchpad™ locations have the following sddresses:

* Sew “Hal 5ol 7, page 31
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Table 26: 170 Seratchpad RAM Addresses

= i
Base Slot Number
Address | 1 2 1 4 5 (3] 7

8478 S4T9 SMTA SMTHE SMTC SMTD SMTE SIMTF
41K Y SIdFA SMFR SMFC SIMFD SIMFE . SMFF
8378 5T S@5TA SBSTR SBETC BSTD SASTE SOSTF
S@5F8 S5F9  SBSFA SBSFB SBSFC SBSFD SBMSFE SOSFF
SB6TH Mele  SBe7Aa SB6TEB  WeTC ST SMTE SBeTF
b1 R eF?  SBekFA SB6FRE  SRGFC  SB6FD MMOFE SBeFF
SATTH 719 SpTTA SATTR STTC SATTD SMTTE SATTF
SBTFS WFe MFA  SATFE STFC TR STFE S8TFF

Slot B does nol have any scratchpad RAM addresses reserved for it. The Base Address locations
arg used by Apple DOS 3,2 and are also shared by all peripheral cards. Some of these locanons
have dedicaled Munciions; loceiion 57FR holds the skl number Lin ithe format SCa) of ithe pen-
pheral card which is corrently active, and focation 55FF holds the skt number of the disk con-
ercdber card Trom which any active DO%S was booted

By wsing the shod number S8, derived in the program examiple above, a subroutine can direcily
reference any of 115 cight scraichpad locations:

#30A- BY% T8 #4 LA S#4738
a3ln- 99 F3 M4 5TA SR4F8,
@i2e- BY T8 #5 LIDA 50578,
#323- 99 Fi #5 S5TA SO5FE.
Aile- B9 78 #b LA 0678,
#329- 99 FX @6 5TA SO6FE.
@i2C- % 78 @7 LA S@T7E.
Ai2F- 99 F3 &7 5TA SOTFS .

o s

THE CSW/KSW SWITCHES

The pair of locations 536 and 537 (decimal 54 and 551 is called CSW, for ““Character output
SWitch™,  Individually, locition 536 is called CSWL (CSW Low) and location 337 is called
CSWH (C5W High), This pair of locations holds the addeess of the subrowtine which the Apple
s currently using for single-character output,  This address s normally SFDES, the address of the
COUT subroutine (see page 300, The Monitor's PRINTER ([CTRL P]} command, and the
BASIC command PR#&, can change this address 1o be the address of a subrouting in o PROM on
i peripheral card, Both of these commands put the address SC08 into this pair of locations,
where nois the slot number given in the command. This is the address of the first location in
whalever PROM happens 1o be on the peripheral cand plugged into that sloi. The Apple will then
call ihns subroutine every bme it wishes io culpul one character. This subrowtine can use the
instruction sequences given shove 1o find s slot number and use the 1/0 and RAM scratchpad
locations lor s slot. When it is finished, it can either execute an RTS (ReTurn from
Subroutine) nstruction, 1o return (o the program or language which 15 sending the outpul, or il
can jump lo the COUT subroutine al location SFDFR, 1o display the charscter on the screen and
then return 1o the program which 15 producing output

Similarly. locations 538 and 19 {(decimal 56 and 37), called KSWL and KSWH separately or KSW
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{Keyboard input SWitch) together, hold the address of the subrouting the Apple is currently
using lor single-characier input. This address is normally SFDIB, the address of the KEYIN

both change this address to 3CH#M, again with o the slot number given in the command. The
Apple will call the subrouting at the beginning of the PROM on the pernipheral card in this slot
whenever i wishes 1o gel g single characler from the inpul device. The subroutine should place
the input character into the 6582°s accumulator and ReTurn from Subroutine (RTS). The
subroutine should set the high bit of the character before it relurns,

The subroutines in a peripheral card’s PROM can change the addresses in the CSW and KSW
swilches to point to places in the PROM other than the very beginning.  For example, a cenain
PROM could begin with a segment of code 1o determine what slot 11 is in and do some initializa-
tion, and then jump in o the actual character handling subroutine. As part of its initialization
sequence, it could change KSW or USW (whichever 15 applicable) 1o point directly io the begin-
ning of the character handling subrouting. Then the next time the Apple asks for input or output
from that card, the handling subroutines will skip the alresdy-done initialization sequence and go
right in 10 the task at hand, This can save time in speed-sensitive situalions,

A peripheral card can be used For both input and output if #1s PROM has seperate subroutines for
the separate functions and changes CSW and KSW accordingly. The indtialization sequence in o
peripheral card PROM can determine if it is being called for inpul or oulput by looking at the
high paris of the CSW and KSW switches. Whichever switch containg $Cn is currently calling
that card o perform s function. I both switches contain $Cn, then vour subroutine should
assume that it is being called lor output.

EXPANSION ROM

The IK memory range from location SCEM 10 SCFFF s reserved for a 2K ROM or PROM o i
peripheral card, to hold large programs of driving subroutines. The expansion ROM space also
has the advantige of being absolutely located in the Apple’s memory map, which gives you more
freedom in writing your inlerface programs.

This PROM space is available to all peripheral slots, and more than one card in vour Apple can
have an expansion ROM. Howewver, only one expansion ROM can be active at one time.

Each peripheral card's expansion ROM should have a Nip-flop 1o enable it. This Nip-Nop shouwld
be turned “on’’ by the DEVICE SELECT signal (the one which enables the 256-byte PROM).
This means that the expansion ROM on any card will be partially enabled after vou first reference
the card it is on. The olher enable 1o the expansion ROM should be the [70 STROBE line, pin
20 on ¢ach peripheral connector. This line becomes active whenever the Apple’s microprocessor
15 referencing a location inside the expansion ROM’s domain. When this line becomes active,
and the aforementioned fip-flop has been wmed “on™, then the Apple is referencing the expan-
sion ROM on this particular board (see figure B).

A penipheral card s 256-byte PROM can gain sole access to the expansion ROM space by referring
io location SCFFF in its initialization subroutine.  This locution is a special location, and all peri-
pheral cards should recognize it a5 a signal 1o turn their ip-flops “'off”" and disable their expan-
sion ROMs. OF course, this will also disable the expansion ROM on the card which is trving 10
grab the ROM space, but the ROM will be enabled again when the microprocessor gets another
mstruction from the 256-byte driving PROM. Now the expansion ROM is enabled, and its space
1% clear. The dniving subroutines can then jump directly into the programs in the ROM, where
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Figure 8. Expansion ROM Enable Circuit

they can enjoy the 2K of unobstructed, absoluiely located memory space:

@332-  2C FF CF  BIT  SCFFF
M335-  4C @9 CH IMP SCEAR

It is possible 1o save circuitry (al the expense of ROM space) on the peripheral card by not fully
decoding the special location address, SCFFF. In fact, if you can afford to lose the last 256 byles
of your ROM spage, the following simple circuit will do just fine:

- o MY, AR

Figure 9. SCFXX Decoding

&5






CHAPTER 6
HARDWARE CONFIGURATION




THE MICROPROCESSOR

The 6582 Microprocessar
Maodel: MOSBESAL/SY 6582
Manufaciured by:  MOS Technology, Inc.
Synertek
Rockwell
Mumber of instructions: 56
Addressing modes, 123 i
Accamulatars, | CA)

Index registers: 2 {X.Y)

Onher registers:  Stack pointer (5)
Processor status (P)

Stack: 256 byles, fixed
Status flags: N (sgn)

C (carry)
Vo loverflow

Other Mags: 1 (Interrept disable)
D {Decimal arithmetic)
B (Break)
Interrupts; 2 (TR, NMI)
Resets: | (RES)
Addressing range: 2% (64K) locations

Address bus: 16 bits, paraliel

Data bus: 8 bals, paraliel
Bidirectional

Volusges:  + 5 vaolis
Power dissipation: 25 wall

Clock frequency: 1L.023IMHz

The microprocessor gets its main timing signals, @@ and @1, from the timing circuits described
below, These are complimentary 1.023MHz clock signals. Various manuals, including the MOS
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Technology Hardwure manual, use the designation @2 for the Apple’s @ clock.

The mictoprocessor uses its address und duta buses only during the vme period when 4 is
active. When ®@ 5 low, the microprocessor i doing inlernal operations and does not need the
data and address buses,

The microprocessor has & 16-bit address bus and an B-bit bidirectional datn bus. The Address bus
lines are bulfered by three 8T97 three-state buffers a1 board locations H3. H4, and H3. The
address lines are held open only during & DMA ¢vcle, and are active o1 all other times. The
address on the address bus becomes wvilid about 300ns after &1 goes high and remains valid
through all of 94,

The data bus is bullered through two 8T28 bidirectional three-stale buffers ol board locations HI10
and H11. Data from the microprocessor s pul onto the bus abour Hins after &1 and the
READ/WRITE signal (R/W) both drop 1o zero. AL all other times, the microprocessor is either
istening 1o or ignoring the data bus.

The RDY, RES. TRD. and NMI lines 10 the microprocessor are all held high by 33K Ohm resis-
tors (o +35v. These lines also appear on the peripheral conneclors (see page 105),

The SET OVERFLOW (501} ling to the microprocessor is permanently tied 1o ground.

SYSTEM TIMING

Tuble 27: Timing Signal Descriptions

14M: Master Oscillator output, 14318 MHz. All timing signals are
derived from this signal,

™: Inmtermediate timing signal, 7,159 MHz.

COLOR REF:  Color reference lrequency, 3.380MHz. Used by the video gen-
erulion circuitry

g (2} Phase @ system clock, 1.023MHz, compliment 10 91,

] Phase | system clock, 1.023 MHz, compliment (o 94

Q3 A general-purpose timing signal, twice the Tfrequency of the sys-
| tem clocks, bt asymmetrical.

Al peripheral connectors gel the timing signals 7™M, ©B, &1, and Q3. The timing signals |4M
and COLOR REF are not available on the peripheral conneciors.
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POWER SUPPLY

The Apple Power Supply (U. 5. Patent #4,130,862)

Input voliage: 107 VAC to 132 VAC, or
214 VAC 1o 264 VAC
[switch selectible®)

Supply vollages, +5.0
+11.8
-12.0
e 5’-1

Power Consumption: 60 watts max. (full load)
T9 wails max. (infermiticni**}

Full load power outpul: 4+ 3v: 2.5 amp
= Sv: 250ma
+§2v: 1.5 amp (— 2.5 amp intérmittent*)
= §2v: 250ma

Operating temperature:  55¢ (1317 Farenheit)

The Apple Power Supply is a high-voltage “switching’' power supply. While most other power
supplies use & large transformer with many windings to conver! the input voltage into many lesser
wvoltages and then rectily and regulate these lesser vollages, the Apple power supply first converts
the AC ling voltage into a DC voltage, sand then uses this DC voliage 1o drive a high-frequency
oscillator. The owtpul of this oscillator s fed into a small transformer with many windings. The
virliages en the secondary windings are ithem regulsted (o become the oulpul voltages,

The +5 volt output vollage is compared to o reference voltage, and the difference error is led
back into the oscallator circun. When the power supply’s output starts 1o move oul of its toder-
ances, the frequency of the oscillator is altered and the voltages return 1o their normal levels.

IT by chance one of the output vollages of the power supply is short-circuited, a feedback circuit
in the power supply stops the oscillator and cuis all output circuits, The power supply then
pauses for about Vs second and then attempls to restart the oscillations, I the output is still
shoried, it will siop and wait again. 1t wall continue this cycle uniil the short circut 15 removed or
the power is turned off.

If the outpul connector of the power supply is disconnected from the Apple board, the power
supply will notice this “'no load™ condition and effectively short-circuit itself, This activates the
protection crcuils described above, and culs all power outpul.  This prevents damage to the
power supply’s intermals,

* The volisge selesctor swicch is ol present on soame Apples
** The poser supply can ren 200 munaies with an imermaltend load f folfowed by 10 minesies 8l normad ol
without damige
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If one of the ouipul voltages lcaves s lolerance range, due o any problem either within of
external i the power supply, it will agmin shat itsell down o prevent damage 1o the components
on the Apple board. This insures that all voltages will enher be correct and in proportion, or they
will be shut off.

When one of the above faull conditions oceurs, the miemal prodection Grcuits will stop the oscil-
lations which dnive the transformer. After a short while, the power supply will perform a restart
cycle, and atiempt to oscillate agaim. Il the faull condition has not been removed, the supply will
again shul down. This cycle can continue infimtely without damage (o the power supply. Each
time the oscillalor shuts down and restarls, its frequency passes through the audible range amd
yvou can hear the power supply squeal and squeak. Thus, when a fault oocurs, you will hear a
steady “chok click chek™ emanating from the power supply, This s your warning that something
is wrong with one of the vollage outpuls,

Under no circumstances should you apply more than 140 VAC to the input of the transformer
(or more then 280 VAC when the supply’s switch is in the 220V position). Permanent damage (o
the supply wall result

You should connect your Apple’s power supply to o properly grounded 3-wire outlet, It s very
importent that the Apple be connected 10 a good earth ground

CAUTION: There are dangerous high voltages inside the power supply’s case. Much of the
imternal circuitry is aod isolated Trom the power ling, and special equipment is necded For service.
DO NOT ATTEMPT TO REPAIR YOUR POWER SUPPLY! Send it to your Apple dealer for
RErvice,

ROM MEMORY

The Apple can suppori up 0 six 2K by § mask programmed Read-Only Memory 1Cs. One of
ithese six ROMs 15 cnabled by a 7405138 ai location F12 on the Apple’s board whenever the
microprocessor's address bus holds an address between SD88 and SFFFF. The aight Data out-
puts of all ROMs are connected (o the microprocessor's data line bulers, and the ROM's address
lines sre connected to the buffers dnving the microprocessor’s address lines AB through Al#.

The ROM:s have three “chip select” linés 1o enable them. OS] and C53, bath active low, are
connecled together to the T4LS138 at location F12 which selects the individual ROMs, OS2,
which is sctive high, is common 10 all ROMS and s connected 1o the INH (ROM Inhibit) ling on
the peripheral connectors. 1T a card in any peripheral slol pulls this hine low, all ROMs on the
Apple board will be disabled.

The ROMs wre similar 10 type 2316 and 2716 programmable ROMs. However, the chip selects
on most of these PROMs are of a different polarity, and they cannot be plugged directly into the
Appie board.
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Al R M| +5v
Ab | 2 23| AR
AS | 2 22 | A9
Ad | 4 21 | CE}
Al | S 2| C8T
Al | & 19| Al®
Al 7 I8 | C52
AB | 8 7| Dy
Da | o 16 | Db
Dl | 15 | DS
D | H 4] D4
Gnd | 12 i3] &)

Figure 13. 93168 ROM Pinout.

RAM MEMORY

The Apple uses 4K and 16K dynamic RAMSs for its main RAM storage. This RAM memory is
used by both the microprocessor and the video display circuitty. The microprocessor and the
video display interleave their use of RAM: the microprocessor reads from or writes to RAM only
during 8, and the video display refreshes its screen from RAM memory during 31,

The three TLS153s a1 E1L, EI12, and E13, the T4L5283 at E14, and hall of the 7415257 a1 C12
make up the address multiplexer for the RAM memory. They take the addresses generated by
the microprocessor and the video generator and multiplex them onto six RAM address lines. The
olher RAM addressing signals, RAS and CAS, and the signal which is address line & for 16K
RAMs and T8 for 4K RAMS, are generated by the RAM select circuit.  This circuit is made up of
two T4L51395 a1 E2 and F2, ball of a T4LS153 at location C1, one and a hall 74082575 w1 C12
and J1, and the three Memory Configuration blocks at D1, El, and F1. This circuil routes sig-
nals 1o each row of RAM, depending upon what type of RAM (4K or 16K) s in that row

The dynamic RAMSs are refreshed automatically durimg @1 by the video generator circuilry, Since
the video screen is always displaying at least o 1K range of memory, it needs 1o cycle through
every location in that 1K range sixty times a second. |8 so happens that this action automatically
refreshes every bil in all 48K bytes of RAM. This, in conjunction with the interleaving of the
video and microprocessor access cycles, leis the video display, the microprocessor, and the RAM
refresh run at Tull speed, without interfering with each other.

The data inputs 1o the RAMs are drawn directly off of the system’s data bus. The data outputs of
the RAMs are latched by two 74151745 at board locations B5 and BS, and are multiplexed with
the seven bits of data from the Apple’s keyboard. These laiched RAM outpuis are Ted direcily 1o
the viden generator’s character, color, and dol generators, and also back onto the system datas bus
by two 74152575 at board locations Bé and B7,
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=3y | 1 O i | Cind -y F ia | CGimgd
Dataln | 2 15| CAS DataIn | 2 15 | TAS
R/W | i /4 | Data Oul RiW | 4 4 | Data Out
RAS | 4 11| 8 RAS | 4 11| A&
A5 | 5 121 A2 AS | 5 12 | A2
Ad | & i1l Al Ad | & | Al
A3 | 7 AR A3 | T m| AB
+12v | & 9 | +5v +idv | & 9| +35v
4096 4K RAM 4116 16K RAM
Finoui Pinout

Figure 14. RAM Pinouts

THE VIDEO GENERATOR

There are 192 scan lines on the video screen, grouped in M lines of eight scan lines each. Each
scan lime displavs some or all of the comtents of forty bytes of memory

The video generation circuitry derives s synchronization and timing signals from a chain of
T4LS161 counters at board locations D11 through DI4. These counters generate fifteen syn-
chromization signals:

H@& HI H2 H3 H4 H5
Vil VD V2 VI V4
VA VB VC

The "H" fumily of signals is ithe horizonial byie positon on the screen, from 880888 1o binary
I#M11] (decamal 39). The signals V@ through ¥4 are the vertical ling positiioon on the screen,
from binary 9088 1o binary 18111 (decimal 23). The VA, VB, and VO signals-are the vertical
scan line position within the vertical screen line, from banury @88 to 111 (decimal 7).

These signals are sent 10 the RAM address multiplexer, which turns them into the sddress of a
sangle RAM location, dependen! wpon the setling of the video display mode soft swilches (see
belowl, The RAM multiplexer then sends this address (o the array of RAM memory during @1,
The laiches which hald the RAM data sent by the RAM array reroute it 1o the video generation
circuit, The 7T4L5283 at location rearranges the memory addresses so that the memory mapping
on the screen 15 scrambled.

IT the current area on the screen 1S 10 be a 1ext characier, then the video generator will route the
lower six bits of the data 1o a type 2513 character generator ail location A3, The seven rows in
each character are scanned by the VA, VB, and VC signals, and the output of ihe charscier gen-
erator is senalized into a stream of dois by a 74166 at location A3, This it stream is routed 1o
an exclusive-OR gate, where it is inverted if the high bit of the data byte s off and either the
sixth bit is low or the 555 tmer @t location BY is high, This produces inverse and flashing charac-
ters. The text bl strgam s then semt to the video selector/multiplexer (helboak.

If ihe Apple’s video screen is in o graphics mode, then the dats from RAM 15 sent o (wo
T4L5194 shift registers at board locations B4 and B9, Here each nybble 5 turned mio a senal
data stream. These two data streams are also sent to the video selector/multiplexer.



Phe T4L5257 multipleser at board position A8 selecis beiween Color and High-Resolution graph-
ics displavs. The serialived Hi-res dot stream is delayed one-half clock cycle by the TAL5T4 at
location ALl if the high bit of the bvie is set. This produces the alernate codor set in High-
Beosolution graphics mode

The video selector/muliiplexer mixes the two data streams from the dbove sources according 1o
the setting of the video screen soft switches. The T4LS194 at locution ALD and the T4LS5151 at
AY select one of the scrial bit streams for text, color graphics, or high-resclution graphics
depending upon (he screen mode. The final serial outpul s mixed with the composite synchroni-
sation signal and the color burst signal generated by the video sync circuits, and seni to the video
outpul conneclons.

The wvideo display soft switches, which control the video modes, are decoded us part of the
Apple’s on-board 170 Funciions.  Logic gates in board locations B12. B13, BI1. A12, and Al are
used 1o controd the various video modes

The color burst signal 1% created by logic gates at K12, B13, and C13 and is condiioned by RS,
el L1, C2, and inmmer capacitor C3. This trimmer capacitor can b tunéd 1o vary the tind of
cilors prowluced by the video displiy.  Trunsistor Q6 and 15 companmon resistor R27T disable the
color burst signal when the Apple is displaying text

VIDEO OUTPUT JACKS

The video signal gencraled by the afvrementioned circuitry 15 an NTSC compatible, similar o an
Ela standasrd, positive composite video signal which can be fed o any standard closed-circut or
studio video monitor. This signal 1s available in three places on the Apple board:

RCA Jack. On the back of the Apple bourd, near the righi edge. i1s a standard RCA phono jack.
The sleeve of this jck is connected (o the Apple™s common ground and the tp 8 connected o
the video ocutputl signal through a 200 Ohm potentiometer. This pitentiometer can adjust the
voltage on this connector from 0 1o 1 volt pesk.

Auxiliary Yideo Connector. On the right side of the Apple board near the back is o Molex
KK 100 senes connector with four square pins, 257 tall, on  HY cemers. This connector supplies
the composite video output and two power supply voliages, This connector is illusirated in ligure
15.

Table 28: Auxiliary Video Output Connector Signal Descriptions
Pin  Mame Description
1 GROUND  System common ground. () volts,

1 VIDEO NTSC compatible positive composiie video,  Black level 15
about T35 wolt, white level aboul 200 wolt, sync tp level is O
wirlts, Output level 5 nol adpustable, This s nol protected
against short circuiis.

3 +1v +12 volt power supply.

4 = 5v — 5 volt line from power supply.
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Auxiliary Video Pin. This single metal wire-wrap pin below the Auxiliary Video Ouipul Connec-
tor supplies the same video signal svailable on that connector. It is meant (o be a conneclion
point for Eurapple PAL/SECAM encoder boards,

= 12
=5
0| VIDEQ
g | GND

ol o Conneclon
o Pin

Figure 15, Auxiliary Video Ouipat Connector and Pin,

BUILT-IN 1/0

The Apple’s buili-in 170 functions are mapped into 128 memary locations begimning st SOM8.
On the Apple board, a 7415138 at locauion FI3 called the 1/0 sclecior decodes these 128 specl
addresses and enables the varipus functions

The 74L5118 is enabled by another "138 w location H12 whenever the Apple’s address bus con-
tains an sidress between SO and SCAFF. The 17O selector divides this 256-byle range mto
cighi sixigen-byic runges, ignoring the range SCBE0 through SCOFF. Euach outpul line of the "138
becomes active (low) when its sssocied 16-byle range 15 being reflerenced.

The 8" line from the 170 selector gates the data from the kevboard connecior into the RAM
data multiplexer.

The ““1™ line from the LA sebector resets the TALSTS Mip-fop al B10, which is the keyboard Nag

The 2" line toggles one half of a 740574 ol location K13, The output ol ths flip-flop 5 con-
nected through a resistor network 1o the tp of the cassetle output jeck

The 3 hine wggles the odher hall of the 74L574 m K13, The output of this fip-Nop s con-
nected through a capacitor and Darlington amplifier circuit 1o the Apple’s speaker conngector on
the right edge of the board under the keyboard

" line s connected directly 1o pin 3 of the Game /0 connector.  This pin s the wiility

ll"liﬂ' HTH'E}BT

The 5" hine is used 1o enable the 7415259 wt location FI4, This IC contains the soft switches
for |he widleo display and the Game 170 connector annuncizior outpuls. The swatches are sclecied
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i the address lines | through 3 and the seting of each switch 15 controlicd by sddress line @

e “6"" line 15 used (o enable o T4LS25] eight-bat multiplexer al location HI4. This mult-
pleser, when enabled, connects one of s eight npul lnes o the igh order bl (bt 71 of the
hree-siate system data bas. The bodtom three address limes control which of the @ight inpuis the
fuliipleser chispses,  Four of the mux's inpuis come from o 5353 quad tmer ol location H13
[hee inpuis 1o this timeer are the game controller pins on the Game 120 connector,  Three other
inpaiis Lo the malpleser Coime Troem 1k *.-il'lg]._': Bl (pushbutlon) mpats on 1he Game 1LADy eonnec-
for.  The lest muliplexer mpul comes from a 74] operational amplifier @t location K13} The
ifpal 1o thes ogv amp Coimes rm e casselie impul ack

The 77 line from ihe IO selecior resels all fouwr timers in the 353 gued timer ot locition HI13
The fowr wmpals o this tmer come Trom an BC network: made wp of Toor 000220 F capaciiors,
esar DOED ¥ pesistors, and the variable resistors in the game controdiers attached 10 the Game
1A copnector.  The wotal resistance in each of the four timing circuits determines the timing
charmcierisiics ol thal cincel

“USER 1" JUMPER

There s an unlabeled pair of solder pads on the Apple board. 1o the lefl of skod @, called the
“User 17 jumper, Thes jumper is illustrated in Photo 8. 11 yvou conneci o vware between these two
packs, then the USER 1 ling on cach peripheral conneciors becomes active. I any peripheral card

pulls this line low, afl imernal 1/ decoding is disabled. The [0 SELECT and the DEVICI

the address bus,

]
]
B
[
N
]
L
|
]
B

Ihe USER 1 Jumper

[ET TR T RN

Pliote 8. The USER 1 Jumper.
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THE GAME 1/0 CONNECTOR

5 | O | NC
PEg | 2 I5 | ANG
PRI | & i4 | ANI
PB2 | 4 f4 | AN2

CO40 STROBE | 5 12| AN3
GOR | 6 1| GC)
GC2 | 7 | Gcl
Gind | & g | NC

Figure 16,

Game 170 Connectar Pinouts

------ = ..

6,7,10,11  GC8-GC3

) Cind
2-15 ANB-AN]
9.16 ML

e
Pint Name: Descriprion
| + G
less thun 100mA.
24 PR#&-PFH2
TTL irpaats.
5 C#4d STROBE

+3 volt power supply. Total current drain on (his pin must be
Single-but (Pushbutton) inputs. These are standard T4LS series

A general-purpose strobe. This line, normally high, goes low
during 9@ of a read or write cycle 1o any address from SOR@
through SCP4F. This is a standard T4LS TTL output.

Game controdler inpuis. These should esch be connected
through 4 150K Ohm varable resisior (o + Sv,

Sysiem electrical ground.
Annunciator outputs, These are standard 7T4LS senes TTL out-
pulz and must be bullfered of used wo drive other than TTL

inpuls.

Mo ifnlernel connection,

THE KEYBOARD

Thie Apple’s buili-in keyboard is built around a MMS740 monolithic keyboard decoder ROM.
The inputs to this ROM, on pins 4 through 12 and 22 through 31, are connected to the matrix of
keyswilches on the keyboard. The outputs of this ROM are buffered by a 7404 and are connected
1o the Apple’s Kevboard Conneclor (see below),

The keyboard decoder rapidly scans through the array of keys on the keyboard, looking for one
which 15 pressed. This scanning action is controlled by the free-running oscillator made up of
three sections of a 7400 at keyboard location U4, The speed of this oscillation is controlled by
Ch, Rb, and R7 on the kevboard’s printed-circuit board.
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Figure 17.

Schematic of the Apple Keyboard
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The [REPT| key on the keyboard is connecied 10 o 355 timer circuil at board location U3 on the
keyboard., This chip and the capacitor and three resistors around il generate the 10Hz “REPeaT™
signal, IF the 220K Ohm resistor B3 is replaced with o resistor of o lower value. then the |IF i
key will repeat charsciers at a faster rate

Sce Figure 17 for a schematic diagram of the Apple Keyboard.

KEYBOARD CONNECTOR

The data from the Apple’s kevboard goes direcily to the RAM data multiplexers and latches, the
two TALS25Ts a1 locations Be and BT. The STROBE line on the kevboard connecior scis o
T4LST4 Mip-Nop et location BID, When the 170 selector activates ns 87 line, the data which is
on the seven inputs on the keyboard connector, and the state of the sirobe Mig-flop, arc mult-
plexed onto the Apple’s dats bus,

T 1 T e —_—

Table 30: Keyboard Connector Signal Descriptions

P Hurm;.-_ iJ-Hr.'nmlnn

] +5v +5 volt power supply. Total current drain on this pin must be
less than 120mA.

2 STROBE  Strobe outpit from kevboard, This line should be given a pulse
al least 10us long each time a key is pressed on the keyboard
The surobe can be of either polarity

3 RESET Microprocessor's RESET line, Normally high, this line should
be pulled low when the button is pressed.

4.59.16 NC Mo connection,

5.7, 10:13  Duta Seven bit ASCI keyboard data input.

K Cind Svstem electrical ground,

15 —12v =12 wvolt power supply. Keyboard should draw less than
S0mA,.
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+sv [ 1D in | NC
STROBE | 2 5| —12v
RESET | 4 | NC
NC 4 11| Data |
Data 5 | § 2| Data @
Data d | 6 i1f | Data 3
Daa b | 7 {10 | Data 2
Grnd | # W NC
Figure 15,

Keyvboard Connector Pinowis

CASSETTE INTERFACE JACKS

The two femule minialure phone jacks on the hack of the Apple 11 board can connect your Apple
10 & normal home casselie lape recorder.

Cassette Input Jack: This jack is designed 1o be connected 1o the “Earphone’ or *'Monitor™
oulpul jacks on most tape recorders. The input voltage should be 1 voll pesk-to-peak {nominal)
The input impedance is 12K Ohms

Cassette Output Jack: Thes jack is designed (o be connected to the “*Microphone™” input on
most Lape recorders.  The outpul voltage is 23mv into a 100 Ohm impedance load.
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POWER CONNECTOR

This connector mates with the cable from the Apple Power Supply. This is an AMP #9-35028-|
six-pin male connector,

Pin: Name: Descripiion:

1.2 Ground Common electocal ground for Apple board.

3 + 5w +5.0 volis [rom power supply. An Apple with 48K of RAM
and no penpherals draws —1.5 amp from this supply.

4 +12v 4 12.0 volis from power supply. An Apple with 48K of RAM
and no peripherals draws —400ma from this supply

5 — 12w —=12.0 volis from power supply. An Apple with 48K of RAM
and no peripherals draws —12.5ma from this supply.

fi — 5w =50 volts from power supply. An Apple with 48K of RAM
and no peripherals draws ~—0.0ma from this supply

—
5 &
= 1 2% ] & -1
E
3 4
+5V 8@ @ I 12V
3.y g
GhD = = GO
n
L LS

Figure 19, Power Connector
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SPEAKER

The Apple’s internal speaker s driven by half of a T4LST4 flip-flop through a Darlington amplifier
vircuit, The speaker connector 18 a Molex KK100 series connecior, with two square pins, 25"
tall, on 107 centers

! Table 32: Speaker Connector Signal Descriptions
_|"i:|'|-: Mami: Desgriplion:
| HPER Speaker signal. Thas line will deliver about 5 wall into an 8
C¥hmn Dol
i + 'h. + 5 wolt power supply. — =
o | SPERA
0| + B

Figure 20, Speaker Conneclor

PERIPHERAL CONNECTORS

The eight peripheral connectors along the back edge of the Apple’s board are Winchester
H#2HW25C0-111 50-pin PC card edge connectors with pins on 107 centers. The pinout for these
comnectors 18 given in Figure 21, and the signal descriptions are given on the following pages.
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GND 26 25 +5V
DMA IN 27 24 DMAOQUT
INTIN 28 23 INT OUT

MMl 29 2z DMA
RS 3o 21 ROY
RES 31 20 70 STROBE
I 32 19 WG
-12v 33 8 AW
-8y 34 17 A1S
NG 328 68 Ald
™M 36 15 A13
Q3 ar T4 A2
1 38 I3 A&l
USER1 a9 12 AlD
#0 40 " Ag
DEVICE SELECT 47 0 AR
07 42 o Al
D8 43 B AB
D5 44 7 A%
D4 45 5 A4
03 48 5 A3
D2 47 d A2
D1 48 3 Al
DO 49 O
+12¥ 80 ] :%'QZEEEC:‘I‘

Figure 21. Peripheral Conaector Pinout
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Table 33: Peripheral Connector Signal Description

Pin:

2-17

18

19

20

21

22

23

24

25

26

M amie:

Descriplion:

176 SELFCT

AB-ALS

R/W

SYNC

[0 STROBE

RIDYY

DMA

INT OUT

DMA OUT

+ Sy

LERIR

This line, normally high, will become low when
the microprocessor references page SCn, where
i is the individual slol number. This signal
becomes active during 9@ and will drive 10
LSTTL loads®. This signal is not present on
peripheral connector @,

The buffered address bus, The addréss on
these lings becomes wvalid during ®1  and
remains valid through ©®  These lines will
cach drive 3 LSTTL loads®

Buffered Read/Wrnte signal. This becomes
valid at the same time the wddress bus does,
and goes high during & read cycle and low dur-
ing & wrile, This line can drive up to 2 LSTTL
Touds®,

On peripheral connector 7 oady, this pin is con-
nected 1o the video Uming generalor's SYNC
gignal,

This line goes low dunng @ when the address
bus contains an address belween SCER and
SCFFF, This line will drive 4 LSTTL loads®.

The &32°s RDY input. Pulling this line low
during @1 will halt the microprocessor, with the
address bus hobling the address of the current
tocation being Feiched

Pulling this line low disables the 6582°s address
bus and halls the microprocessor. This line is
held high by a 3K 1) resistor to + 5y,

Dassy-chained interrupt oulpui 1o lower priority
devices, This pin 1s usually connected 1o pin 28
(INT IND.

Daisy-chamned DMA output to lower prioniy
devices. This pin s usually connected 1o pin 22
tDMA IN)

+ 3 volt power supply. 3MmA current 15 avail-
ahie Tor alf peripheral cards,

System elecirical ground,

* Loadmg limits are for each peripheral card
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Table 33 fcont'd): Peripheral Connector Signal Description

Fin:

Marmie:

Dreseription:

27

16

29

30

3i

32

13

34

15

36

ar

38

39

DMA N

INT IN

—12v

— &y

COLOR REF

™

Q3

P1

USER 1

Daisy-chained DMA input from higher priomity
devices. Usually connecied 1o pin 24 (DMA
OuUT),

Daisy-chained imterrupt  input  from  higher
priority devices. Usually connected to pin 23
(INT OLIT).

Mon-Maskable Interrupt,. When this hine s
pulled low the Apple begins an interrupt cycle
and jumps to the interrupt handling routineg at
location S3FB.

Interrupt ReQuest, When this line 5 pulled
low the Apple begins an interrupt cvele only il
the 6382°s | (Interrupt disabie) flag 15 not set.
IF s0, the 6582 will jump 10 the interrupt han-
dling subrouting whose asddress 15 stofed in
locations 33FE and $3FF.

When this fine is pulled low the microprocessor
begins a RESET cycle (see page 36).

When this line is pulled low, all ROMs on the
Apple board are disabled, This ling is held high
by a IK (] resistor to +3v,

=12 voli power supply. Maxmum curreni is
200mA for all peripheral hoands,

=5 wolt power supply. Maximum current 15
200mA Tor all peripheral boards.

O peripheral connector 7 osdy, this pin is con-
mected o the 1L53MH: COLOR REFerence sig-
nmal of the video gencrator.

TMHz clock, This line will drive 2 LSTTL
lovads®.

IMHz asymmetrical clock. This line will drive

2 LSTTL loads®.

Microprocessor’s phase one clock. This ling
will drive 2 LSTTL loads®.

This line, when pulled low. disables alf internil
YO address decoding®*.

* Loadmg limits are for each peripheral cand.

1.5'#_““'._.“
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Table 33 tcont’d): Peripheral Connector Signal Description

Descriplion;

Pin_: __ng_nn:
40 L)

41 DEVICE
42-49 Di[7
50 | v

Microprocessor’s phase zero clock. This line
will drive 2 LSTTL loads®.

This line becomes active (low) on each peri-
pheral connector when the address bus is hold-
ing an address between SC@M and SCBaF,
where o 15 the slol number plus 38, This line
will drive 10 LSTTL loads®.

Buffered bidirectional data bus. The data on
this line becomes valid 300nS into @8 on u
write cycle, and should be stable no less than
[00ns before the end of 49 on a read cvcle.
Each data line can drive one LSTTL load.

+12 volt power supply. This can supply up to
250mA total For all peripheral cards.

" Lomlmag Mmuks ane for cach penipheral casd.
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Figure 22-1. Schematic Diagram of the Apple 11
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Figure 22-3, Schematic Diagram of the Apple 11
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Figure 22-4. Schematic Diagram of the Apple 11

113



Figure 22-5. Schematic Diagram of the Apple 11
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APPENDIX A
THE 6502 INSTRUCTION SET




6502 MICROPROCESSOR INSTRUCTIONS
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THE FOLLOWING NOTATION
APPLIES TO THIS SUMMARY:

A Lt LT Ly FUURE 1 &BL-BHIFT LEFT DNE 81T OFERATION
v Indes Magiriss

-, My o H r|® i ¥ ]-—E
<} Biiriows | ] | a | ' ".l ? t I =

L Procesece Seans Aegisier

5 il FIGURE 2 AOTATE OnE BIT LEFT [MCMORY

o Changs OF ACTUMLLA TR

e M ChEnpE

¥ Aat |.| 4 OA A I.J
A m‘*"‘“‘“"‘" 100 :];[1|l}|-—|c-
¥ Logecsl Euciusms Dw

i Trangle: Fram Shacs

i Transier To Saeck FIGURE 2

- Transie To

- Trafile To

L Loongeiall OF T| & ] L3 a F] 1 a
PLE Progredm Coast s High

BLL  Program Counber Low WOTE 1. BT = TEST BITS

OFEA  Diperand

L] ity Addmiacyg Mods B B e 7 are WENEAET R 10 108 BLETUE PEganE. 11 1P

Epdl ol & A W Bl Thees Do), thereeia Ie0
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PROGRAMMING MODEL

7 0
| A | ACCUMULATOR
T o
[ ¥ |  wpEx REGIETER ¥
1 @
| x |  mDEx REGISTER X
14 ? -]
| o | PCL | FROGRAM COUNTER
7 0
[0 | 5 | sTacs pomTER
7 0
[W[v][e]e]iJz]c] Prrocessom sTATUS REGISTER. -+
L canny
ZERD
INTERRUFPT DiSafiaE
DECIAAL BODE
BREAN COMMAND
OVERFLOW
MNEGATIVE
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INSTRUCTION CODES
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HEX OPERATION CODES
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BO = STA — Alvspigie
BE = SV = Asdsiule

BF — HOP
% - BCC
1 — ETA — indesst, ¥
& = HOF
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. — BTY — Isep Page X
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APPENDIX B
SPECIAL LOCATIONS




Table 1: Keyboard Special Locations

Location:
Hex Drecimal

Description:

SCOM 49151 -16384  Keyboard Data

3C018 49168  -16368  Clear Keyboard Strobe

Table 4: Video Display Memary I:ﬂu

Begins at: Ends at:
i Py Hex  Decimal Hex  Decimal
Text/Lo-Res  Primary Sagf 1024 STFF 2047
Secondary 539 Jpdg SBFF i
Hi-Res Primary 520 RIW2 SIFFF 16383
Secondary 54088 16384 $5FFF 24573
Tahle 5: Screen Salt Switches
Location: o
Hex Diosikiing] Description:

SCA58 49232 16384  Display a GRAPHICS mode.
$CB51 49233 -16383  Display TEXT mode.

$CP52 49234 -16382  Display all TEXT or GRAPHICS.
SCB53 49215  -16381 Mix TEXT and a GRAPHICS mode.

SOBS4 49236 -1638@ Display the Primary page (Page 1),
$CP55 49237  -16299  Display the Secondary page (Page 2).

SC856 49238 -16298  Display LO-RES GRAPHICS mode.
SC857 49239 -16297  Display HI-RES GRAPHICS mode.

L'm-u 9: Annunciator Special Locations
Address:

e Decimal Hex
@ off 49240 -16296 SCAS5E
on 49241 16295 3CA59
] off 49242  -16294 S0R5A
on 49243 16293 SO85B
2 off 49244  -16292 SOCBSC
on 49245  -16291 SC85D
3 off 49246 -16298 SCBSE
on 49247 -16289 SCBSF
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Table 10: Input/Output Lecations
Function Aﬂmﬂ 47 I Hex Read/Write
Speaker 49268 -16336 SCaia R

Cassette Out | 49184 -16352 sSCaza R
Cassetie In 49256 -16288 SChol R
Annunciators | 49248 16296  SCB58 R/W
through through through
49247 16289  SC@5F
Flag inputs 49249 16287 SCé61 R
49258 16286  SC@62 R
49251 -16285 SC863 R
Analog Inputs | 49252 -16284  SCd64 R
49253 -16283  SC@65
49254 -16282 SC66
49255 -16281 SCR67
Analog Clear | 49264 «16272 SC@7@ R/W
Utility Strobe | 49216 16328 30848 R

Table 11: Text Window Special Locatlons

. Location: Minimum/Normal/Maximum Valug
Function Decimal Hex | Decimal Hex
Left Edge 32 520 | des39 $0/50/517
Width 33 $21 | B/4@/48  SB/328/%23
Top Edge 14 $22 | &/B/24 S8/%0/518
Boitom Edge 35 $23 | &24/24  SB/318/%18

Table 12: Normal/Inverse Control Values
Value:

Decimal Hex Effect:

255 $FF | COUT will display characters in Normal mode,

63 $3F | COUT will display characters in Inverse mode.

127 $TF | COUT will display letters in Flashing mode, all
other characters in Inverse mode.

Table 13: Autostart ROM Special Locations

Location:

Decimal Hex Contents:
1818 $3IF2 Soft Entry Vecior, These itwo locations contain
1anl $£3F3 the address of the reentry point for whatever

language is in use. MNormally contains SES3.
1812 $3F4 Power-Up Byte. Normally contains $45.

64367 SFB6F This is the beginning of a machine language
(-1169) subroutine which sets up the power-up location.
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Table 14: Page Three Monitor Locations |

Address: Use:

Decimal  Hex Monitor ROM  Autostart ROM
1884 LiFd Holds the address
1889 2IF1 af the subroutine

which handles
Mone.

machine language
'l.l.BRH.!'I _rmhﬂu

(normaly SFAS9).
910 S3F2
11 s3Ey | Neme Soft Entry Vector.
1812 $3F4 | None Power-up byle.

1813 $IFS | Holds a “JuMP" instruction to the
1814 $3F6 | subroutine which handles Applesoft 11
1815 $IF7 | “&" commands. Normaly $4C $58
$FF.

1816 $IF8 | Holds a “JuMP" instruction to the
1817 $3F9 | subroutine which handles “‘User™
1818 $3IFA | ([CTRL Y]} commands.

18419 $3FB | Holds a “JuMP" instruction to the
1828 $IFC | subroutine which  handles MNon-
1821 $3FD | Maskable Interrups.

1822 $IFE | Holds the address of the subroutine
1823 $3FF | which handles Interrupt ReQuesis.

Table 22: Built-1n 1/0 Locations |
W 51 52 53 54 §5 S8 §7T 52 59 A D F

SCO | Keyboard Data lnput

SC818 | Clear Keyboard Strobe

SCO | Cassette Outpul Toggle

SCB38 | Speaker Toggle

SCI4@ | Unility Strobe

SCBS® | gr | ox | nomix | mix | pri |sec [dores [hires | wn@ | ant | wn2 | a3
SCOO8 | cin [ pbl | pb2 | pbd | gol | get | g2 | @) repeat SCBH-SCRT
SC7 | Game Controller Strobe
Key to abbreviations:
gr  Set GRAPHICS mode tx  Set TEXT mode
AOMIX 5:'.1I all text or graphics mix  Mix text and graphics
pri  Display primary page sec  Dhsplay secondary page
lores  Display Low-Res Graphics  hires  Display Hi-Res Graphics
an  Annunciator outpuls pb  Pushbutlon inpuls
g¢  Game Controlier inputs cin  Cassette Input
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Table 23: Peripheral Card 1/0 Locations
S8 51 52 33 54 85 %6 87 SB 59 fa 3B SC SD SE SF
SCHES @
SCo98 1
SChAD 2
sCébe Input/Output for slot number 3
SCaCe 4
$CaDe 5
SCAER &
SCarFe 7

Table 24: Peripheral Card PROM Locations

SO0 S1@ 328 538 540 350 3o@ 578 SEP S99 SAP SB@ SCe ID@ SER IF9

SClea
SC289
SO
SCadd PROM space lor slol number
SC584
SCHd
SCTad

nedd P R e e Bd

Tahble 25: 1/0) Location Base Addresses

Buse Slot
Address 4] 1 2 3 4 5 [ T

SCoad SCaEd SCH  SCaAR SCOBA  SOCRCH SCADd  SOPER  SCeFe
SCas1 SCeR1 SCeo SCRAL SCOBI SCRC SCRD1 SCREL SCOFI

SCoa2 SCRa2 SCeo2 SCBAZ SCPB2 SCRC2 SCa0D2 SCOE2 SCaF2

SChal $CR13 SCaol SCBAL SOPR3 SOBC3 $CA0D3 SCOE3 SCRF3

SCoR4 $C084 SCa94 SCRA4 SCAB4  SCBC4e $COD4 3CPE4 SCOF4
SCBRs $C085 SC895 SCRAS SCPBS  SCBCS $CADS  SCOES SCOFS

SCaRs fC086 FC806  SCAAL SCPBRs  SCBCH fCaDe  SCBEs SCOF6
SCBRT $Co87 SC897 SCAAT SCOBT  SCeC? $CaDT  SCRE? SCRFT
SCBERR SCasE $C098  3CAAR SCPBE  SCeCH SCADE  SCBES SCOF8
SCRRS SCAR9 30999 3CPA9  SCeB9 SCBC9  SCeD9 SCRED SCOF9
SCARA | 3CMRA  3OE9A  SCRAA 3OPBA  SOBCA SCADA  SCAEA  SCRFA
SCHRR SCASE SC@9B SCRAR SCPBE SOBCB  SCRDB  3CREB  SCRFB
SOBRC SCORC  SCPOC  SCRAC  SCEBC SOBCC SCRDC  SCREC  3CAFC
SCERD | 3CMED SCH9D  SCeAD  3CPBD  3C8CD  3CADD 3CRED  SCRFD
SCMRE SCOSE SCME SCRAE SCRBE SCBCE SCEDE SCREE  SCRFE
SCARF SCOSF SCR9F SCRAF  SCABF  SOBCF SCBDF SCREF  SORFF
IO Locations
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Table 26: 1/0 5:|1tcl:lﬂ_:l RAM Addresses
lot Mumber

Base

Address | | 2 3 4 5 6 7

£047R $8479  SMMTA SMIE SMMTC MDD SMTE SMATF
LP4FE S SM4FA  SMMFB  SMFC  384FD  SMMFE  SRAFF
L8578 L8579 B@STA  SESTRE SESTC WSTD S8STE SRSTF
$B5FR S5 SRSFA  SBSFB  SBSFC  S@5FD S8SFE  SB5FF
$06TR 679 WeTA O SMOTE MGTC WETD  SBETE  SBATF
LB6FE S86F9  SPoFA  SRGFB  SBAFC  SB6FD  SBEFE  SPAFF
8778 S8779 SRTTA  SATR STIC SATTD  SATTE SATOF
$07FR ST SRTFA SRTFB S8TFC S@TFD S8TFE  SATFF
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APPENDIX C
ROM LISTINGS




AUTOSTART ROM LISTING

AF [0 ~d i i B LA RS

R R

BEFFFAPEEFEFRE R FESFRERT R RN

ARELE 11
FROMITOR 11

COPYRIGHT 1978 BY
APFPLE COHPUTER. IHC,

ALL RICHTS RESERVED
STEVE WOINIAK

CEEREE SRR R R L

-

#* MODIFIED WOV (978

# BY JMOHM A

k3

FEFEFEREERFEE R R F R R AR R E A
0ORQ =FB00
apJ s2000

SIS FRESEFREFEF SN E RS E RS

Loo0 EQ 800

LOCE EGU s0i

WHDLFT EGU 20

HHDHDTH EGU s3l

WROTODF EGU S22

HERNDETH EGU 23

CH EQ w2

cW EQU ®23

GEASL EGU ®2s&

GEASH EGu w27

HETAR Edu =28

Bagk EGy s29

daBdn Edu s2a

HaSaH Edu s2B8

Ha EGU #2C
LHMNEM  EGU B2C
Wl Edu =20

A EGu =20
MASK Edu sZE
CHLEUM  EGU S2E
FORMAT EOU S2E
LASTIN EOU ®2F

K SHH EGU w39
PEL EGU w3
ELH EGu %38
Al Edu 30
AfH EQU =30
AL EGU #3E
SgH EGU #3F
A3L EGU #40
& 3H EQU %41
AL EGU =&
A EG =47
AL EGU =34
A5H EOQU 4%

136




47 FB

b M

FE

Fa

BETAMD
CLAAND
SETANI
CLAANT
TAPEIN
PADDLD
FTRIG

CLRAOM
BASIC

BASICZ

FLOT

ETRASK
BLOTL

HL I NE
Hi I HE L

VLIMNEL
Wi TE

RTEL

=Py

[ [ =
PHA
FLA

BEC
RTH

245 i

GHASCALC

wROF
RTHASK
WRED

MASH
(GHASL ). ¥
COuOR
FMagE
{GBaBL ), ¥
{GBABL . ¥

FLOT
Ha!
RTE1
FLOT]
HLINE
801
FLOT

Ve
WLIKNEZ

137

NOTE CWVERLAF WITH ADH!

KEW VECTOR FOR DAN

YECTOR FOR WARM STagT

THIE MUST = EDH #84% OF SOFTEWVs]
APPLESDFT & EXIT VECTOR




Fadz
FE34
FE3&
Faage

FE3L:

FBE40-
FBa3:
FRdL:

Fiddh
Faa7
FiE&T
FEa8

FB45F:
FB4E
FeaD:

Ll |-12]

FESad

FE5&

FE3L

BESEEREEE

o3
Cis
27

18
o

=2

gy

i 4
a3
4]

2y

a7
2k

(=L

3 ¥adsF 8

986a

288iRk

Fa

Fg

3

L&
1a3
L4
145
144
147
148
14%
150
151
138
153
154
153
15&
157
158
139
160
l&al
&
143

155

CLAGCH

CLRATOP
CLASCE

CLRECI

GECALC

SETCOL

SCRN

SCENG

ATHSKI

INSDE1

IEVEN

ERR
GETFHMT

LBy
HHE
LY
BTY
Loy
LbA
BTa
3R
DEY
BFL
RTE

Ll
CLASCE
LL
#EZ7

C O O
Wi INE

CLRSCI

PARSE
GHASCALC PHA

LER
AR
OR &
STé

$EEIEREC

§20gas

SERERES

:

EHTTTTAT R

88553

Loy
LDwa
Tax

A
w00
whoa
GBASH

wEiB
GECALC
e TE
GlAGL
&

&
FHARL
GEASL

FHTL. X
SCRND
GETFMT
*S80
L] Sulw)
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ERCERIPPARS0RALRANREGE

% WERE

g 283

B

Fa

FF

Fi
a3
O%
Fal

MEGEHENRE

Fi

F%

Fe

Fa

FD

il
<42
243
Zdd
243
Zda
2aT
248
aw
Pl
251
=5
<23
=1
Zb3
=
-k
g1
- L

2&1
2&2
243
T ]
Fa L
FT
27T

2hF
70
=71

ord
274
g
2Td

<78
=TT
280
281

2680
24

Bt
=87

FNMDE

MMMDEZ

INSTDSP

PRMTOP

FRNTEL

METCOL

FRMME

FRADR 1

FRADRZ

PRADR3

PRADR 4

FRADR %

FHTa- ¥
FORMAT
L] e

LERGTH

REF

L Lk
WEEA
Ll lah
LER &
FRMDNE T
LER &

LSR &

UL i

HMMDE S

FMMDN 1

DFB

PAGE
JHER
PHA
LDA
~+5R
LDX

#FF, &FF. ®FF
INBDE]

[PCLE, ¥
FREYTE
o0
FRELS
LENGTH

PRNTOF
803
L L Tl
PANTEL

HMEML . ¥
LMKNE™
MMEMS . ¥
RFMNEM

PRADRZ2
PREYTE
FORMAT
S
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2Rk8 3=

PREEBBFEIRAREAE

BPE2EE3585

(= Rl
=R I=1=

SEE RGeS AR BEEEE SRR URERATERHEE

N ¥

o1

D&

o3
ED

FB

ZF

o1

34
(40 |

FD

FD

FD

b lTd

RELADR

FRMTYE
FRMT AL
FRNTY

PR MK,
PRELE
FRELJ

PCAD
PCaD.u2
PCabJ3

FCAD.J4

RTEZ
FHTI

Lbw
BEC
PAGE
JER
Tax
INE
BME
Iny
T¥A
JER
TEA
«HF
DX
LD&

DEX

{PCLI. Y
PRADR 4

FCADJT

BPRMTYE

FREYTE
FREYTE
#3070
AL
couT

PRELE

LENGTH
FCH

PCADJ4

FLL
RTEZ

s0D
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94
493
L
e L

q410
L
L 3
ag3
414
418
41k

FMTZ

CHARL

CHARZ

HEREHL
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FYEC:

FYEE:
FSEF:
FRFQ:
F3F1

FPF3:

F%F3:
FF&:
FRFT:
F¥FE:
FTFY.
F9FA:;

ERRC:
E9FD:
FOFE-
FOFF
FaDD:
Fa01
Fanz
FaOs
F 04
Fads
F ke
Fao7
FADS
Faos

Faoh
F&0C:
FéOm:
F&0E
FaDF:
Fa g
Eall:
Fala:
Fald:
Fih 4
F&1E
Fals
Fa&l17
Fa&ls
Fa&l1%:
Eala
Falh

Faldl:
Falb:
FALE:
FalF:

F Al

»E2S0RUBDE

EASUERAREESRER

ERLRIER AN AYRERUSSCEGRES5A6A

437

39333333333333333332333333333333333334333

54
L]
LI}

L Ll
wh4
s7a
sBa
28
B&E
wTa
8F4
sCC
72

#00
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Fagil

Fitd

43

o
]

A
i

b
1

=FPlod ¥

cRREPEIINE

A

=07 DFE ®aA

=08 OFE ®aZ

=09 OFE sAZ

810 OFE =7a

q1i1 OFE 874

312 DFE &74

513 DFE %73

514 OFE #&4

= - ODFE S4B

2la OFE =B2

S517 DFE =32

518 OFF =kh2

519 ODFE #0050

Sah OFE =22

S5=1 DFD =00

S22 DFE ®14

523 OFE ®l&

SZd DOFE »2&

323 OFE #2&

=1 OFE %72

=1 DFE ®72

=175 = DED sBag

529 DFE ®{B

530 DFE =C4

531 DFE ®L&

=l OFE #2&

533 OFE ®aE

234 OFE w=a&

- DFE sa&

36 DFT msa2

537 DFD ={B

533 EAZE

23% IRAG STa ACLC

540 PLA

B41 A

w4 ASL A

343 AL A

& ASL @&

b T 1 BMI BREAR

Has JHMP [ IRGLOCH

347 BREME FLF

S48 JER BANY

49 PLA

250 5Ta PCL

31 PLA

55 8TA PCH

533 JHP [EEEY ) BAREY WRITTEN OVER BY DISK BOOT
54 DLDERE JSR INEDE]

355 JER RGDEF1

5aL P MOM

337 RESET cLD ¢ DO THIE FIAST THIS TIHE
558 ok SETHORM

558 JSR INIT

&0 SR SETVID

Sl JSR SETKED

Sa&d INITAN LDA SETAMO ¢ AND = TTL HI

S LDA SETAMI ¢ &ME = TTL HI

=11 LbDa CLAANE ¢ AMN2 = TTL LO

363 LD CLEAMI ; AM3I = TTL LO

TN LDa CLARDH ;| TulkN OFF EXTHSH RDF
S3&T BIT HEDETRE « CLEAR EEYOOARD
68 REWNMON @ CLD

ShE JER BELL i CAUSEE DELAY IF MEY DOUMCEE
570 LD SBOFTEW+1 : IS REBET HI

- | EOf #sas il FUNNY COMPLEMENT OF THE
572 CHP PRAEDUP . PWR UP BYTE 777
573 BME PHRUF | NO S50 PWRUP

=g L& SOFTEY | YESE SBEE IF COLD START
=g BMNE MOFIX | HAE BEEN DOME YETT
57& LI WEED i T

5Ty CHP SOFTEV+1 4 77

S5TH BME MOFIX . YES S0 REENTER SYSTEM

=7T¥ FIIBEY LDV

#3 ¢ NQ SO POINT AT WARM START
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FaFD

Féafd |

*33F3E580 B RAR

£k

o3
ED

orF

FB

FI

Fo
Fa
Fo

FD

FG

= 588 %o

i oW

co

co

STY BOFTEY . FDR MEXT REBET
JHP BAEIC « AND DO THE COLD START
HOF T § P (SODFTEY) « SOFT ENTRY WECTOR
ESEFEREERERAE AR RS
FuRLF JaR APPLEII
SETPE3 EU = « BET PAQRE 3 VECTORS
LDy w3
EBETPLF LDa PWRCOM-1.X : WITH CHTRAL B ADRS
ETa BARV=1,X : OF CURRENT DASIC

DEX
BNE SETPLP
LD& WECE i LOAD HI SLOT +i]
ET% LOCOD i« BETPE3 MUST RETURN ¥=mD
ET& LOC1 i BET PTR H
S 00 LDY #7 i ¥ IB BYTE PTH
DEC LOCL
Lba LOCL
ChFE #sCh i AT LABT BLOT YET?
BEG FIXSEV : YEE ANMD [T CAMT BE & DISH
ETa MELOT

NYTOYT LD (LOCOK. Y . FETCH & SLOT BYTE
CH®* DIBKID=1.% : IS IT & DISK +7
BNE SL00OP o MO B0 KMEXT BLOT DOWM

DEY

DEY i YEB 80 CHEDW MNEXT BYTE
BPL NITDYT ;. UNTIL 4 CHECRED

JHE LODCOD

HOFE

NCF

« REGDEP mMUST DRE wFaD7
REGDSF JSA CROUT
REDIF1 LD& w843
8Ta Al
LOa #e00
8Ta AdH
LDE ®w8FQ
RDER] L&A ®EAD
JER COUT
LOA RTEL-231. X
JER COUT
L& BSBED
JER COUT
* LDA ACC#+5, K
DFE B35, s44
JIR FREYTE
HLLE
EMI RDEF1
RTS
PRRCON DWW OLDBRH
OFE %00, #ED. %45

DISKID DFD 20 8FF. %00, 8FF
DFl ®00. #FF, %30
TITLE DFE ®C1. sDO. w00
OFE ®CC. #C5. %A
OFE #ID. D8
ELTBL EGu =
OFE ®C4. 8C3. BC1
OFE ®FF.sC3
DFE ®FF. s=F, &FF
= MUST DRG wFR19
RTEL DFD =i, sDA. &0
DFE D0, 8D
FREAD LD& PTRIE
LET Om
LDY wROD
raoP
P
FREADZ LD& PADDLO. X
BFL ATERD
INY
BNE PREADS
DEY
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FED1

FEE4
FODS
FBEE

FHET:

FBET:
FRBA:

FT

F3
%
Fa

Lo

co

=44}
=4+

FC
FC

FI
o4

o4

a3

FC
Fis
Fi

N T B R R LY T

RTEID
INIT

SETTHET

SETEH

SETeND

Tabv
AFFLEL]

STITLE

SETPFUHRL

WIDWAET

HEDWATT

WAL T
ESCOLD

ESTnDN

EBCMHER

RTE
LDA

LD

(=1

BTA

§3458348R

L] Lejul
STATUE
LORES
LOWSCR
TUTSET

L] Julsl

BE TWD
TETCLR
MIXBET
CLRTOF
14
WHDTOF
=00
WHDLFT
2B
DD T

L L0
HHOBTH
w7

cY

VT AR

HORE i CELEAR THE BCRMN
w3
TITLE=1.% : BET & CH&AR
LINEl+14. Y

ETITLE

BOFTEWV+L
aRAT
FPRREDLP
- i CHECKE FOR & PAUSE
WRED ¢ DMLY WHEN 1 HAVE A CR
MOWAIT ¢ NOT S0. DO RESULAR
KBD i 1E MEY FREBSED?

HOWAIT ¢ MO

L1 L] i I8 IT-CTL B 2

NOHAIT « MO 50 IGHNDRE

HEDSTRE : CLEAR BTROBE

HAD ; WAIT TILL MEXT HEY TO REBUME
KEDWALIT | WAIT FOR WEYPREESE

CT i i I8 IT COWMTROL € 7

HOWAIT i YESE B0 LEMVE IT

KEDSTRE | CLR STROBE
WIDDUT DO AS BEFDRE
i INBURE CARRY SET
ESCH
i UBE CHAR AE INDEEX
ILTEL-SC®. Y  ELATE IJuM TO CBaD

ESCOLD : DO THIE CURSOR HOTI1O0M
RDKEY . AMD GET WEXT
NECE (18 THIE aM W 7

ESCOLD . W OF QGREATER DO IT
E 1 b ] i LESS THaM 1 7
EECOLD ¢+ YES S0 OLD WAY

L] [= i IBIT Ak T
ESCOLD : DO NORMAL

ESCHMOW « GO DO IT
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FRED: EA Ta HOF

FBEHC: E&A | MOP

FBHD: Ea T HOP

FEBE: Ea *a O

FERF: EaA Tl HOP

FRCD: EA T NOF

FEC1 Te = HUST ORG SFBC]

FECL: 48 TT7 BASCALL PHA

FHCZ: 44 7B LER A

FBC3: 2% 03 Fi AND #8023

FBCY: 0% 04 Bo DR& Wa0a

FBCY: B85 29 Bi ETa BaEM

FRC®: &8 B PLA

FBCA: 2% 18 a3 AMND #E1H

FECC: 0 o@ a4 BEC BASCLCZ2

FBRCE: &% TF 83 ADC #ETF

FEDD: &5 =28 8&4 BASCLLE BTaA DBASGL

FEDZ: O ar ABEL A&

FEDI: Oa aa AL A

FED&: O3 28 8% Ora BASL

FEDG: 83 28 b STa BASL

FEDE: &0 71 RTS

FEDY: C9 87 T2 BELLI1 CHE w887

FEDE: DO 13 53 ENE RTEZBE

FEDD: A% &0 94 LO# swad

FEDF: 20 AB FC L k-] JER WAIT

FHEZ: AQ CO b LOY esCo

FEE4: AT OC F7 BELLZ LA S#%0C

FEE&: 20 aB FC S8 JER WaIT

FBE®: aD 30 CO 99 LOw BPKA

FBEC: B8 1040 OEY

FBED: Do F3 101 BME BELLZ

FBEF: &0 ige RTE2EN RTH

FlFo 182 P aBE

FBFO: &4 24 1ga STORADNV LDY CH

FBFZ %1 I\ 103 8TA (BABLI: Y

FBF&, E& 24 10& ADVANCE INC CH

FBF&: AS 24 107 LOw CH

FaFE: C3 21 108 CHP W8 DWDTH

FRFA: BD A& 10% BCE CR

FBFC: &0 1146 ATE ATH

FEFD: C¥ AQ 111 WIDOUT CM ssAD

FBFF: BO EF iia BCS STOMADY

FCOOl: AS 113 TaY

FCO2: 10 EC 114 BPL STORADY

FOOd: C9 BD 113 CHMF WaED

FCOO&: FO Sa 114 BEG CR

FCOE: CF Ba v CMFE WREA

FCOA: FO S 118 BEG LF

FCOL. CF BB s CHF w888

FCOE: DD C9 e BME BELL1

FClO. C& 24 izi BE BEC CH

FCl=: 10 EB e BFL RTED

FCl4: a3 21 123 DA WHDHDTH

FCl&: B 24 124 gTa CH

FC1B: L& 24 123 DEC CH

FCia: a3 22 12& UP LO& WHDTOPR

FCi1C: €3 25 127 CHF CV

FC1E: BO OB 128 BCE RTE4

FC=20: C& 25 129 DEC CW

FCZ2 A3 25 130 WTAD LbD&A W

FC24: 20 C1 FB 131 VTARI AR BABCALD

FC27: &3 20 13 ADC WHDLFT

FC2%: B3 =28 133 STa4 BASL

FC2B: &0 134 RATE4 RTS

FC2C: 4% CO 135 EBC1 EDA ®sCO i EBC & 7
FC2E: FO 28 136 BEG HOME i IF S0 DO HOME AND CLEAR
FE30: &% FD ia7 ADC waFD i« ESC-A DR B CHECH
FC32: 90 CO 13& BCC ADVAMCE © A: ADVANCE
FC3&: FO DA 13% BEG BS i B BACHEPACE
FCIl&: &% FD 140 ADL WBFD i ESC=C DR D CHECK
FCI8: W0 2C 141 BCC LF i G, DOndN
FGCada: FO DE 143 BEG W& i O BD P
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FC3C: &%
FC3E: 90
FCa40: DO
FCa2: A4
FCa4: A%
FL4&: 48
FCAT. 20
FC4a: 20
FC4D. &0
FC4F: &8
FC3O: &%
FCa2: €5
FCS4: 0
FCS&: EOQ
FC2B: A3
FCOa&: B3
FCBC: A
FCSE: B4
FLad: FO
FL&Z

FLa&Z AR
FC&4 B2
FCab E&
FC&B a3
FCéd: €3
FC&l, =0
FC&E: C&
FCTO. A%
FCT2: 4B
FCT3: 20
FCT&: AS
FETE: B
FCT7A: AR
FC7C: B3
FCTE: A4
FoBEG: BE
FCBi1: &0
FCB2: &%
FCBS: CB
FCB&: BD
FCBE: 48
FCBES: 20
FCBL: B!l
FCBE: 71
FCS0: BB
FC9L: 10
FC93:; 30
FCP3: A
FCeT: 20
FCoa: BO
FC9C. a4
FCSE: A%
FCAD: W1
FCAZ: CH
FCa3: C4
FCAS: &0
FoAY:. &0
FC&B: 28
FCAR: 48
FC&A: E¥
FCAC: DO
FCaAE: &8
FCAF: E%
FCB1: DD
FCBA: &0
FCha: E&
FCB&: DO
FCBE: E&
FCBA: AS
FCRC: CS
FCRE: A3
FCCO: EB
FCC2: E&

FQ
FC

FC

FQ

FE

213

CLREDF

CLEQOF1

CH

LF

SLROLL

ECRL1

BoRLE

SCRLI

CLAREDOL
CLEOLZ
CLEOLZ

AT
HAITE
WATT

HETAS

MXATAL

BCC
BCS

BT4

BTy
BED

LDO#
STh
It

Beg

BTa

aFD
CLREDL.

i ESC-E OR F CHRECH
RTSa I
i

E. CLEAR TO END OF LINE
ELSE MOT F. RETURMN
EEC F I8 CLR TO EMD OF PACE

WTaBI

el
WalTD

LY
WAITE
NN TAl
AlL
AlH

A
Alk
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EREEEr Y aconasBRSRE3588R852%8088 P8

FZedasa

sSdoehong BN ER ZNNIME

o
20

Fa

I

da833

FE
az

FE

co

ch

oo
ca
o

F
Fi

RTEAE
HEADR

WRBIT

IERDLY

OHEDL Y
WRTA&FE

RDEYTE
RODEYTE

ROEBIT
RODEIT

ROKEY

REYIMN

HEYINZ

ESL

HOTCR

BME
INC
RTE
FagE
LI

PHS

FL&
8Th

ATS40
AlH

IEADLY
Wil TP E
L =
CHEDL ¥
TAPEDUT
L
L
RDEDIT

L]
wE3a

RDBYTZ
RDBIT

TAPEIM

CH

KED i READ REYBDARD

IRVFLG
IN. X
CouT

IWéFLGE
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FhaD
FD30
Ll el
FDmE
FDo4L

FDog:

FDOA

FDac:
FDSF:

FDa0
Fhad
Fhaa

FDAT:
FDA:
FD&C

FhaF
FODTi
FOTE
FO@a
FOFS
Fora
F D%
Forc
FOME
F Do
F [k
FR&d
FOET
FDEs
FOaE
FoEs

FEO90"

Foea
FDea
FD94

Foey:

FDFC

FD9E:

¥ Dl
Ebad
FDu3
L

FDayF:

gelo)

D
1=
Ok
FE
o
&

ER

aE

FF
ac

BD
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(NUMERICAL ORDER)

0000 LOCO FC7& SCRL1
0022 WNDTOP FCPE CLEDLZ
0024 GBASL FCaa WAIT3
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0034 YsSAV FD&2 CANCEL
0038 KSWL 0001 LOC1
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o044 ASL 0028 BASZH
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C0O0 I0ADR 0039 KSWH
CO030 SPKR 0030 AlH
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COSF CLRANT 009% PICK
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FBDO BASCLCZ2 Faas PHRUP
FEFO STORADWY FACT MNXETBYT
FC10Q BS FAFD PWRCON
FC2B RTS4 FBi? RTBL
FCS8 HOME FB2F INIT
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0036
0034
003E
ocoaz
0045
Q049
Q200
03F 5
0400
co10
co51
CO95
CO5%
COSD
CO&8
EQO3
FB1%
FB31
FB3C
FE71
FEBC
FEBE
FED4
FF10
F330
F744
F553
Faél

TaBv
VIDWALT
ESCMNON
BELL 1
ADVANCE
LiE

ESC1

CH
SCHLZ
CLEOLZ2
METAG
HWRBIT
RDBEYTE
RDKEY
ROCHAR
GETLMNZ

WHNOLF T
i

BasL
e
MAaSK
LENGTH
IMWFLG
CS5lL
PCL
Al
AL
ACC
SPMT
IN
AFMPERY
LIMES
KEDSTRA
TXTSET
HISCR
CLRAMND
CLEAMD
FaDDL O
BASICH
HL IME
RTS1
CLRSC3
SCRM
INSDS2
MDD X 1
PRNTOP
PRADR 1L
FPR&ADRS
PRMTX
PCADJ
RTS2



FREA
Fadqc
Fadl
Fane
Fab?
Froz2
FRIE
FRas
FB&D
Foas
FREAZS
FEES4
FEFC
=
Fiaza
FCah
FCaa
FLAB
FCEA
FCDD
FCEE
FD13
FO32D
FD&A
on21
Qb23
DO2Y
002C
002e
QO2F
0033
Q037
o03an
QO3IF
0043
004
Oo4E
O3F0
O3FE
ovFe
CO20
CoSe
CO54
CO5A
COS5E
cCO70
FE00
Fai1c
FB3Z
Fa4a7v
Fa7%
FEYE
Faca
FBEDE

CHAHZ
DRE &
MNE MO
SETFC3
REGNGP
DISKID
HFREAD
BETTXT
APPLETII
KOOWAIT
ESCHNEW
BELL.Z
RTS3
VTADR
CLREOP
L
SCRL3
WAaTT
WX T
LERDLY
ROBYTZ2
KEYIM
NOTCR
GETLM
WHDWTH
G
HasH
LMMEM
CHKSUM
SIGEN
FPROMPT
Sk
PLH
B H
SadH
IREG
RMDL
BRKW
LUSRADR
MELOT
TARPEDUT
MIXCLR
LORES
SETaAMNI
SETANMI
PTRIG
PLOT
HL I NE 1
CLRSCR

GBASCALC

SCRNZ
IEVEMN
MMND X2
PRNTBL

Fyi4
F738
Fea8
F754
Faz
FFCO
FaSy
FASB
FaaB
FaDaA
FRO9
Foas
Fo40
FR&S
FR73
FBC1

FBEF
FBFD
FG24a
FC&&
FC70
FC?C
FOAT
FCca
FCE
FCFA
FD21

FD5SF
FD71

FD?75
FD%2
FDE3
FDD1

FDED

FEOQ4

FELD
FEJ&
FE7S
FEB4
FEBD
FE?DE
FEEDQ
FEC4
FEED
FFOA
FF3F
FFo%
FF7A
FFA2
FFCT
FD7E

FO?&
FDB&

FDDA

PRALR 2
RELADR
PREL MK
PCADJR
FMTI
MNEML
CLDEHK
FIXSEWV
SETFPLP
RED5F 1
TLITLE
PREAD:Z
SETGH
ETITLE
MRS TT
BASCALC
RTS52R
VIDOUT
YTABRZ
CLEDP1
SCROLL
CLREOL
WALTZ
RTS48
OMEDLY
ROZBIT
KEY [
MOTCR 1
BCKSPC
METCHAR
FRAL
KA

ADD
CouT

DL ANK
SETMDZ
VFY
ALFC
SETMORM
INPRT
10PRT
BASCONT
ETERZ
WHEYTE
RD2
RESTORE
OLDRST
CHRSROH
NXTDS2
ZMODE
CAPTST
PRY X2
DATAQUT
FREYTE
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FDOFD
FEOB
FE20
FESA
FE7S
FEEB&
FETF3
FEAT
FER&
FECA
FEEF
FF1&
FFaa
FF&3S
FFaaA
FF&aT
FFCC
FOa4
FDOa3
FDCS
FDEZ3
FDF &
FELT
FE2Z
FESE
FEYF
FERY
FETS
FEAY
FEBF
FECD
FEF&
FF2D
FF 48
FF&%
FFSG
FFaD
FFE3
FLBE
FDaD
FDOC&
FDES
FEQD
FE18
FE2C
FE&Z
FEBRO
FEBBR
FEZ7
FEBO
FEC2
FED4
FEFD
FF3aA

COUT1
SETOR
LT

VE YO
AlPCLP
SETIFLG
SETVID
IOPRT1
0

USSR
HWREBYT2
RD3
RESTR1
HMOM
DIG
GETHLIM
CHRTEL
SO0 T MNP
aME
RTS4C
FRHE x
COoUTZ
RTSS
LTZ2
LIST
ALPCRTS
SETKOD
OUTFORT
IOPRT2
REGZ
WRITE
CRMON
FRERR
BavVE
MONZ
NXTBIT
MXTCHR
SUBTEL
CROUT
HMOQBCHK
X AMP M
FRHEX T
BL1
SETMODE
MOVE
LISTZ
SETINV
IMPORT
QUTERT
LBASIC
TRACE
WH I
READ
BELL



FFacC
FF73
FF96
FFBE

B5all
WMETITH
NXTHAL
TOSUD

SYMBOL TABLE
(ALPHABETICAL ORDER)

003D
FE7F
0040
0044
FHF4
)
0029
FD71

FEDD
FCLO
FeBA
Q024
COSy
FCRC

FB3C

FDED
FCa2

0025

FBEAS
FBS7

FRAb
o02a
FD&A
FCCY
FB19
0200
Fags
Co00
DaFE
COQ0
0038
0400
0ooo
FE22
C053
FBC=
FFas
FaB1

FOSF
FF8
FD75
FASY
FES®7

AlH
ALPCRTS
AJL
&S50
ADVANCE
BAGEL
DALSH
BCKERC
BL1

as
CHARZ
CH

CLR AN
CLREOL
CLRSC3
cCouT
CH

CY

ERR
ESCOLD
FMTZ2
GHASL
GETLHM
HEADR
HL I ME
IN
INSDSE1
10ADR
IRGLOC
HED
HEWL
LINE]
LOCo
LY2
MIXSET
MHMD X 2
HMOMNZ
MELFCOMN
NOTCR1
NEXTBAS
METCHAR
OLDBRE
OUTPRT

Fa5s
L
Fe10
Fg30
F DDA
FDES3
FEDR
0033
3k 4
FFl1é&
FD3s
FaD7
FF3F
oo4aF
FBYF
FT&l
QQ3c
QO3F
0043
0045
O3F 5
FEC1
EOQDQO
FEDY
FEDQ4
FD&2
DO2E
FCal
COSB
FCaz2
Fa32
FOF G
FEF&
FDBS
FC2C
FD2F
CO2E
F85&4
FFAT
Coa7
FCs8
FB2F
Feac

PCADJR
PICK
FRADR1
PRADRS
FREYTE
FRHE X
FRNTBL
FROMPT
FHREDLUF
RD3
RODCHAR
REGDER
RESTORE
RMDH
RTHSKI
RTSE
AlL
AZH
AdH
ACC
AMPERY
BASCALL
BASIC
BELL1
BL ANEK
CANCEL
CHESUM
CLEOLZ
CLRAMNI
CLREDOP
CLRSCR
COUT1
CRMON
Dy T AT
ESC1
ESC
FORMAT
GHCALC
GETMUM
HIRES
HOME
INIT
INSDSR
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FEAT
Fa40
FD1B
OO2F
FESE
0001
FEZ0
FRCO
Facs
FF&S
DIF B
FE74
FF50
FFAD
FFS9
CO64
FRSC
FEOE
F914
Foaa
FBIE
FDES
FaD4
FD9&
Fanb
FCFD
FDOC
FEBF
FF44
O04E
FE31
FEFC
FE78
Q03E
0042
FD8a4a
FE&O
FBDO
ECO3
FREEA
FA4C
FD7E
FF7a

IOFPRTI
IRG
KEYIN
LASTIM
LIST
LOC1
LT

MHE ML
MBI T
FOM
MM I
MOWATT
METSLIT
METCHR
OLDRST
FADDLO
FCADJS
FLOT1
FRADRZ
PRBLZ
FREAD
PRHEXI
FPRNTCF
PRYXZ
PHRLUP
RODBIT
ROWEY
REGI
REETR1
RMIOL
RTE1
RTG3
AL1PCLP
Al
AdL
ADD T NE
APPLETI
BASCLCZ
BASICZ
BELLZ2
BREAK
CAPTST
CHRSRCH



FCYE
COSh
CFFF
FB34
F I3 &
L
FFE#&
FRADS
FATD
Feav
FBa<
FEB&
COno
FB9E
FEBR
Fano
FEAY
CO1C
FD21
OO2F
FE&3
COSS
O02E
F 0
FDab
FEZ2C
Fas3
FCH&
FF&2
FBFS
FCEZ
Fa54
338
FROO0
FFab
FS4C
FR2S
FaFy
F544
CoOF0
FCF &
FCEE
FaE4
Fa38
F &by
FB1Y
FEEF
FCCH
FE7S
o041
OaS
FDD1
0028
FEB3
0028

CLEOL Z
CLRANZ
CLRROM
CLRTOP
couTtz?
CSWH
DIG
ESCHNEW
FIXSEW
GBAGCALC
GETFMT
(]
HISCR
IEVEN
INPORT
INSTDSP
I10PRTZ
KBDSTRE
KEY INZ
LEMGZTH
LIsT2
LORES
MASH
MME MR
MODBCHK
MOVE
MOFIX
MXTAL
MXTBESZ2
MXTCOL
OMEDL Y
PCADJZ
PCH
PLOT
FRADR3
PREL 3
PREADZ
PRMME
FRMTX
PTRIG
RODZBIT
RDBYT2
RDSP 1
RELADR
RGDSP1
RTEL
RTS5Z2H
RTS5aR
ALPLC
A3H
ASH
aDD
BASZH
BASCONT
BASL

FF3a
0aF 0
F¥E4
FECE
FCab
GOBF
FEIG
0030
FDHE
0034
FBOZ
FETH
FR&a
0027
FD&7
002¢
FBI1C
Fa&aF
FEED
003
FESH
FREEB
0039
FC&&
0o2c
o054
oS
FEBE
0031
O7F8
FD3D
FCE4
FACT
FF73
FEDS
Fg53
0034
Fpe2
F&2A
FI48
FF2D
Fe41
Fadi
FarFD
FFOA
FCEC
FEFD
FA&2
002D
FBOC
FB2E
FDC3S
FE17
FC=B
FC7&
FR7Y

BELL
BERKWY
CHAR i
CHRTBL
CLEOPIL
CLRAMS
CLRSCZ2
COLOR
CROUT
CSHL
DISKID
ESC MLk
FMTL
GRS
GETLMNT
H&

HL INE 1
IWI THAMN
INPRT
IMVFL
I0PF T
KBDATT
K S
LF

L hER
LOWSCRH
MIXCLR
FMrMDE 1
MODE
H=SLOT
MOTCR
MET A4
NETBYT
MXTITH
OUTPORT
PCALL
PCL.
FRa1
PRADRA
PREBL M
PRERR
PRMTAX
PRNTY X
PR GO
ROZ2
ROBYTE
REALT
RESET
RMMEM
R THASK
RTSZD
RTS4(
RTSS
RTS4
BCRL1
BCRNZ
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COaC
FEB&
FEl1B
FE&F
OO2F
00as
FEQBE
CO&0
FEC2
FECA
FESS
FB28
FCAB
oo
FEEF
FDad
FB11
0034
Fcac
FCT0
COSE
FEBO
FES4
FB37
Fala
o048
FBFO
co20
Ca50
O3F8
FBFD
FC24
FCAM
0021
FEED
FDCé&
CO4 &
FCDB
FF&C
FCRS
CooS8
FEsd
FEGY
FaAT
FE%3
C3F
FEC4
FFE3
FBO%
COS51
Q2D
FB7B
Fcaz
0023
FED4

SE TAMZ
SETIFLG
SETHODE
SETPWRC
SIGHN
SPNT
STOR
TAPEIN
TRACE
SR
VFYOK
VL INE
WaLT
WNDTORP
WRBYTZ
KAaME
XLTBL
YSalY
SCRLZ
SCROLL
SETANG
SET I MW
SETNDRM
SETTXT
ELOOR
STATUS
STORADY
TAPEOUT
TETCLR
USRADR
VIDOUT
VTARZ
WALTE
WHOWDTH
WREYTE
XAMP M
XREG
ZERDLY
=441
SCRLZ
SETAMND
SETCOL
SETHED
SETPG3
SBETVID
SOFTEW
STEPZ
SUBRTEL
TITLE
TXTISCT
Ve
VIDWALT
VTan
WNDETH
WR 1



FECD WRITE
FDR3Z Xan
LDORT YREG
FFCY IMODE
FFaa Save
FBE71 SCRNM
CO5A SETAMI
FR4OD SETGR
FEID SETHMDZ
FAAT SETPLP
FE4ER SETWMD
CO30 5PKR
FBA&S BTITLE
FESE TaABW
FFBE TOSUD
FC1aA WP
FE3& WFY
FE2& VLINEZ
FCAT WAITZ
D020 WNDLFT
FCDS& WRBIT
FCES WRTAPE
FEBO XBASIC
QO30 ¥Y3AV1

SYMBOL TABLE SIZE
2589 BYTES USED
25331 BEYTES REMAINING

SLIST 44
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6582: The manulacturer’s name for the microprocessor atl the heart of your Apple.

Address: As a noun: the panticular number assoctated with each memory location. On the
Apple, an address 15 a number between @ and 65535 (or S8 and SFFFF hexadecimal)  As 3
verb: 1o refer o a particular memory location,

Address Bus: The sct of wires, or the signal on those wires, which cirry the binary-encoded
address from the microprocessor to the rest of the computer

Addressing mode: The Apples 6582 microprovessor has thirteen distinet ways of refernng to
most locations in memory. These thirteen methods of forming addresses are cailed addressing
mrsdes,

Analeg: Analog measurements, as opposcd to digital measurements, use an conbinuously vari-
able physical quantity (such as length, voltage, or resistance) to represent values. [dgital meas-
urements use precise. limited gquantitics (such as presence or absence of vollages or magnetic
fhelds) 1o represent values.

AND: A banary luncion which s *on™ if and only il all of its inputs are “on™".

Apple: | The roumd Neshy [ruit of a Rosaceous tree (Pyrus Malus). 2. A brand of personal
computer. 30 Apple Computer, Inc.. manufacturer of home and personal computers,

ASCH: An acronym for the American Standard Code Tor Information Interchange (often called
“USASCH or misinterpreted as “ASC-11"). This standard code assigns a unique value from B
1o 127 1o each of 128 numbers, letlers, special characters, and control characters.

Assembler: 1) One who assembes electronic or mechanical equipment. 20 A program which
converls the meesencs and svmbols of assembly language inlo the opeodes and  operamds of
mischine language.

Assembly language: A Linguage ssmular in structure o machine langoage, but made up o
mmemonics and sysebols, Programs writlen in assembly Eanguage are slightly less difficult to write
and understand than programs in machine language.

BASIC: Acronym for **Beginner's All-Purpose Symbolic Instruction Code™. BASIC is a fiher-
Ieved langge, samilar mn siructure to FORTRAN bul somewhal easier (o learn. It wus invented
by Kemney and Kurz at Dartmouth College in 1963 and has proved o be the most popular
language for persomal computers.

Rinary: A number system with two digits, @ and 17", with each digit in a hinary number
representing a power of two. Most digital computers are binary, deep down inside. A hinary sig-
nal 15 easily expressed by the presence or absence of something. such as an electrical potential or
a magnetic field.

Binary Function: An operation performed by an elecironic circuit which has one or more inputs
and only one output. All inpuls and outpuls are binary signals. See AND O, and Evelusive-0R

Bit: A Bimary digll. The smallest amount of information which 4 computer can hold. A single
bit specilies a single value: "8 or *'1"°. Bits can be grouped 1o form larger values (see Byre and
Nubhie).

Board: See Prwicd Circmd Boord,
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Bootstrap [“heot™): To get o sysiem runming from a cold-stare The name comes from the
maching s attempis to * pull itsel ofT the ground by 1ugging on its own boodstraps.””

Buffer: A device or arca of memory which is used 1o bold something temporarily, The “picture
huffer” contains graphic information to be displayed on the video screen, the “input buffer™
holds a partially Tormed input ling,

Bug: An ersor. A bordwore e 15 o physical or electrical malfunction or design érror, A soffware
bug 15 an errof in progaemming, cither in the logic of the program or typographical in nature, See
“leature’

Bus: A set of wires or fraces in o computer which carry a related set of data from one place
another, or the data which = on such a bus.

Byte: A busic unit of measure of a computer’s memory. A byle usualy comprses eight biis
Thus, it can have & value from @ 1o 255, Each charucter i the ASCH can be represented in one
bvie, The Apple’s memory locations are sll one byte, and the Apple's addresses of these loca-
hiens comsist of bwo bytes

Call: As a verb: lo leave the program or subrouiine which s currently executimg and o begin
another, usualy with the intent 1o reiurn to the ongmal program or subroutine. As & noun: an
ingtruction which calls 4 subrowtine,

Character: Any graphs symbol which has a specific meaning to people. Letters {both upper- and
lower-case ), numbers, and various symbols (such as punciuation marks) are all characters,

Chip: See Frrgrated Ciecan

Code: A method of representing something in terms of something else. The ASCI code
represents characters as binary numbers, the BASIC language represents algorithms in terms of
program statements. Code s also used o reler o programs, usually in fow-leve! lanpuages

Cold-start: To begin 1o operate a computer which has just been turned on.

Color burst: A signal which color 1elevision sets recognize and convert o the colored dols you
see on a color TV screen. Without the color burst signal, all pictures would be black-and-white.

Computer: Any device which can recicve and store a sot of msrreciions, and then act upon those
mstructions in 4 predelermuined and predictable fashion. The dehinition implies that both the
instruction and the dang upon which the imstreclions actl can be changed. A device whose insiruc-
nions cannot be changed is nod a compuler.

Control (CTRL) character: Characters in the ASCH character set which usually have no graphic
representation, but are used to controd warous functions, For example, the RETURMN conirol
characier 1= a signal to the Apple that you have fAnished typing an impue line and you wish the
COMPpULEE L0 act upon i,

CRT: Acronym for ““Cathode-Ray Tube™, meaning any television screen, of a device containing
such a screen

Cursor: A special symbol which reminds you of a certain position on something. The cursor on

a slide rule lets you line up numbers, the cursor on the Apple's screen reminds vou of where you
are when you are typing.
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Data (datum): Information of any lype.
Debug: To find by and ehminate them
DMP: Acronvm for “*Dual In-line Package®, the most common container Tor an Integrated Cir-
cuil, THPs have two parallel rows of pins, spaced on one-tenth of an inch centers. TIPS usually

come in 14-, 16-, 18-, 20-, 24 and 40-pin conligurations,

Hsassembler: A program which converts the oapcades of machone lorguaee 10 the mscnemcs of
asvenbly krnguage. The opposite of an assenbler

Display: As a noun: any sorl of owpul device for a computer, usually o widee screen.  As a
noun: toe place informalion on such o screen,

Edge conmector: A sockel which maies with the edge of a prined corcon boaed in order 1o
cxchange clectrical signals,

Entry paint: The locatiwoen used by a machine-language subroutine which contains the firsl exe-
cutable instruction in that subroutine: consequently, often the beginning of 1he subroutine.

Excusive-0R: A binary Function whose value 15 *"ofl™” only if all of its inpuis are o™, or all of
its inpuls are “on™",

Execute: To perform the intention of & command or insiruction.  Also, 1o run g program or
portion of & program.

Feature: A bup as descnibed by the marketing depariment,

Format: As a noun: the physical form in which something appears.  As a verh: 10 specify such a
form.

Graphic: Visible as a distinet, recognizable shape or color.

Graphics: A sysiem o display graphic ilems or a collection of such items,

Hardware: The physical purts of o computer,

Hexadecimal: A number system which uses the ten digits @ through 9 and the six letlers A
through F 1o represent valucs in base 16, Each hexadecimal digin in a hexadecimal number
represents a power of 16. In this manual, all hexadecimal numbers are preceded by a dollar sign
(5

High-level Langnage: A fenguoge which is more intelligible 1o humans than it is 1o machines

High-order: The most imporant, or item with the highest vaue, of a set of similar items,  The
high-order bil of a byte is that which has the highest place value.

High part: The high-order byie of a two-byle address. In decimal, the high part of an address is
the guotient of the address divided by 256, In the 65082, as in many olher microprocessors, the
high part of an address comes last when that address is stored in memaory.

Hz |Hertz): Cycles per second. A bicycle wheel which makes two revolutions in one seccond is
running at 2Hz, The Apple’s mucroprocessor runs at 1,023,000 2.
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VO See FopunthChaipn,
IC: Sec fmtegrated ©ireud

Input: As 3 noun: data which flows [rom the oulside world into the compuler. As a verb: 1o
oblin data Irom the outside world

Inpat/Ouiput (170): The software or hardware which exchanges data with the outside word.

Instruction: The smallest portion of a program thal a compuler can exccute.  In 6582 machine
language, an instruction comprises ong, two, or three bytes, moa higher-level linguage, instruc-
tions may he many characters long.

Integrated circuit: A small (less than the size of a fingernail and about as thin) wafer of a glassy
mterial (usually silicon} into which has been ciched an electromic circuit. A single IO can con-
tain from ten o ten thousand discretle electronic componenis. 1Cs are usually housed in D1Ps
tsee abovel, and the term IO is sometimes used 1o refer to both the circuit and s package.

Interface: An exchange of information between one thing and anoiher, or the mechanisms
which muke such an exchange possihle.

Interpreter: A program, usualy written in machine langusge, which understands and executes
higher-level language.

Interrupt: A physical eftect which causes the computer 1o jump o a special interrupt-handling
subroutine. When the interrupl has been taken care of, the compuler resumes cxecuiion of the
interrupled program with no noticeable change.  Interrupts are used o signal the computer that a
particular device wants alleniion

K: Swnds Tor the greek prefix “Kilo™. meaning one thousand. In common compuler-reated
usage, K wsually represents the quantity 2" or 1824 (hexadccimal S409)

Kilobyte: 1,024 hvies

Language: A computer language 15 8 code which (hopefully!) both a programmer and his com-
puter understund.  The programmer expresses what he wanis o do in this code, and the com-
puter understands the code and performs the desired actions

Line: On a video screen, a “line™ is a horizontal sequence of graphic symbols extending from
ong edge of the screen o the other. To the Apple, an jmpmr fine is o sequence of up o 254 char-
acters, lerminated by the controd character RETURN. [In most places which do not have personal
computers, a ine is something you wait in 10 use the computer.

Low-level Language: A leapuage which is more intelligible to machines than it is to humans.

Low-order: The least important, of ilem with the least vaue, ol a sel of items. The low-order bil
in & byie s the bit with the leasi place vaue.

Low parl: The lbw.order byte of a two-byle address. In decimal, the low part of an address 1s the
remainder of the address divided by 256, also called the “'address sewilo 25677 In the 6582, as

in many other microprocessors, Lhe low part of an address comes first when that address is stored
in memaory

Machine language: The lowest lovel language which a computer understands.  Machine
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languages are usually binary in nature, Instructions in machine language are single-bvile oprodes
sometmes [ollowed by various operamds,

Memory address: A memory sddress s a two-byic value which selecis a single memony location
oul of the memory map. Memory addresses in the Apple are stored with their low-onder byies
first; fodlowed by their high-order bytes,

Memory location: The smallest subdivision of 1the memory map 10 which the computer can
refer. Each memory location has associated with it a unigue address and o certain vafwe, Memaory
locaticns on the Apple comprise one byle each,

Memory Map: This werm is used 1o refer 1o the s2t of all memaory locations which the micropro-
cesor can address directly. Tt 13 also wsed 10 describe a graphic representation of 2 system’s
MCmMoTY.

Micracomputer: A term used 1o described a computer which is based upon @ MICTOProcessor,

Microprocessor: An integrated circul which understands and executes machine Linguige pro-
BIiEms,

Munemonic: An acronym {or any other symbol} used in the place of something more difficut o
remember. In Aswembly Langoage, cach machine kanguage opeode is given a three letler

maemonic (for example. the oponde $6@ is given the mnemonic RTS, meaning **ReTurn [rom
Subroutine'"), .

Mode: A condition or set of conditions under which a certain sel of rules apply.

Modulo: An arithmetic function with two operands.  Modifo lakes the first operand, divides it by
the second, and returns the remainder of the division.

Moniter: |} A closed-circut ielevision reseiver. 2) A program which allows you 1o use your
computer al a very low level, often with the values and addresses of individual memory locations,

Multiplexer: An clectrome circuil which has many data inpuis, a few selector inpuis, and one
outpul, A muluplexer connects one of its many dats inpuls o 08 outpul, The data mput o
chooses 1o connect 1o the output 15 determined by the selector imputs,

Mux: Sce Muliiplexer.

Nybble: Collogual term for hall of a byie, or four bits.

Upcode: A machine language instruction, numerical {oftén binary) in nature.

OR: A binury function whose value 15 “on’" i at least one of its inputs are “on™",

Output: As a noun, dita generated by the compiuter whose destination is the real world. As
virb, the process of generaling of lransmilting such data.

Page: 1} A screenfull of information on a video display. 2} A guaniity of memory locations,
addressibie with one byte, On the Apple. a “page’’ of memory contains 256 locations

Pascal: A noted French scoentisl,

P boaard: Sec Provted Circat Board
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Peripheral: Something allached 1o the computer which is nol part of the computer isell. Mosi
peripherals are input and/or output devices.

Personal Computer: A compuler with memory, languages, and peripherals which are well-suited
for use in a home, office, or school.

Pinout: A description of the function of each pin on an IC, often presented in the form of a
diugram

Potentiometer: An clectronic component whose resistance 1o the flow of clecirons is propor-
tional 1o the seiting of a dial or knob, Also known as a ““pot”” or “variable resisior™.

Printed Circuit Board: A sheet of fiberglass or epoxy onto which a thin layer of metal has been
applicd, then giched away 1o form fraces.  Electronic components can then be attatched 1o the
board with molten solder, and they can exchange electronic signals via the etched traces on the
bourd. Small printed circuil boards are often called *“cards™ | especially if they are meant 1o con-
nect with edpe conmeciors,

Program: A sequence of instructions which descnbes a process.

PROM: Acronym for * Programmable Read-Only Memory'. A PROM is a ROM whose contenis
can be altered by electrnical means. Information in PROMSs does not disappear when the power is
turned off,. Some PROMs can be crased by ultraviclet light and be reprogrammed,

RAM: Sce Rondom-Access Memory.

Random-Access Memory (RAM): This s the main memory of & computer, The acronyvim RAM
can be used 1o reler either w0 the integrated circuits which make up this wpe of memory of the
memory self. The computer can store values in distingt locations in RAM and recall them
again, of aller and re-store them if it wishes. On the Apple, as with most small computers, the
villues which are in RAM memory are lost when the power 10 the compuier s turned ofl.

Read-Only Memory (ROM): This tvpe of memaory i usually used to hold important programs
or data which must be available 1o the computer when the power is first turned on.  Information
m ROMS is placed there in the process of manufacturing the ROMs and is unalierable. Informa-
tion stored in ROMSs does not disappear when the power s turned off.

Reference: 1) A source of information, such as this manual. 2) As a verb, the action of examin-
ing or altering the contents of & memory location. As a noun, such an action.

Return: To exit a subroutine and go back 1o the program which called i,
ROM: See Read-Only Memaory.

Run: To follow the sequence of instructions which comprise a program, and 1o complete the
process outlimed by the instiuctions.

Scan line: A single sweep ol a cathode beam across the face of a cathode-rav nibe,

Schematic: A diagram which represents Lhe clectrical interconnections and circuitry of an elec-
tromic device.

Scroll: To move all the text on a display {usually upwards) 1o make room lor more (usually at
the hotiom),
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Soft switch: A two-position switch which can be ““thrown'’ either way by the soliware of a com-
puter.

Software: The progrgms which give the hardware something Lo do.

Stuck: A reserved area in memory which can bhe used to store information temporarily.  The
information in a stack is referenced no by address, but in the order in which it was placed on 1the
stack, The last datum which was “pushed”” omto the stack will be the first one to be *'popped””
off i

Strobe: A momentary signal which indicates the occurrence of a specific event.

Subroutine: A scgment of a program which can be executed by a single call Subroutines are
used to perform the same sequence of instructions al many different places in one program.

Syntax: The structure of instructions in a given feaguage. 11 yvou make a mistake in éntenng an
instruction and garble the syntax, the computer sometimes calls this a "SYNTAX ERROR .

Text: Characters, usually letiers and numbers. ' Text™ usually refers to large chunks of English,
rather than compuler, language.

Toggle switch: A two-position swilch which can only flip from one positicn 10 the other and
back again, amd cannot be dircctly sct either way.

Trace: An eiched conductive path on a Primed-Circun Board which serves (o electronically con-
nect L‘l_'ll'l'lpﬂl'IEI'I!:‘i.

Videa: |} Anything visual, ) Information presented on the face of a cathode-ray R,

Warm-starl: To restart the operation of a computer afler vou have lost contiol of its linguage of
opersling system.

Window: Something out of which yvou jump when the power fnls and you lose a large program.
Really: a reserved area on a display which 15 dedicated 1o some special purpose.
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Here are some other publications which you might enjoy:

Svnertek/MOS Technology 6500 Programming Manual

This manual is an introduction to machine language programming for the MOCG5B? microproces-
sor. It describes the maching lanuage operation of the Apple’s microprocessor in meticulous
detml. However, it contains no specific informution abowt the Apple,

This book is available from Apple, Order part number A2LG0GO3

Synertek /MOS Technology 6500 Hardware Manual
This manusl contains a detsiled descripion of the internal operations of the Apple's 6582
microprocessor, |t also has much information regarding interfacing the microprocessor o exter-
nal devices, some of which is pertinent 1o the Apple.

This boak s also available from Apple. Ordeér parl number A 210002,

The Apple 11 Monitor Pecled

This book contans a thorough, well-done description of the operating subroutines within ihe
Apple’s onginal Momitor ROM.

This 15 available from the author:

William E. Dougherty
4349 San Jose Strect
Los Angeles, CA 91345

Frogramming the 6582
This book, written by Rodnay Zaks, 15 an excellent tutoral manual on machine and assembly-
language programming for the Apple’s 6582 microprocessor,

Thix manual is available from Sybex Incorporated, 2020 Milvia, Berkeley, CA 94704, 11 should
also be available at vour local computer retailer or bookstore. Order book number C202.

6582 Applications
This book, also written by Rodnuy Zaks, describes many applications of the Apple’s 6582
MICTOPIOCESS0T.

This 15 also available from Sybex. Order book number D302,
System Description: The Apple 11
Wnitlen by Steve Wozniak, the designer of the Apple computers, this article describes the basic

construchion and operation of the Apple 11,

This article was originally published in the May, 1977 issue of BYTE magazine, and is available
from BYTE Publications, Inc, Peterborough, NH 30438,

186



SWEET16: The 6582 Dream Machine
Also written by Sieve Wozniak, this article describes the SWEET16® mnterpretive machine
Bnguage cnclosed in the Apple’s Integer BASIC ROMs,

This article appeared in the October, 1977 issue of BYTE magazine, and 15 available from BYTE
Publications, Inc. Peterborough, NH 30453,

More Colors for your Apple

This artiche, written by Allen Watson 111, describes in detail the Apple High-Resolution Giraphics
mode.  Also mcluded 15 a reply by Steve Wozniak, the designer of the Apple, describing u
madification you can make o update your Revision @ Apple to add the two exira colors available
on the Kevision | board.

Thes article appeared in the June, 1979 issue of BYTE magazine, and is available from BYTE
Publications, Inc. Pelerborough, NH 30458,

Call APPLE (Apple Popet Sound Program Library Exchange)
This is one of the largest Apple user group newsletiers. For mlormation, wrile

Apple Puget Sound Program Library Exchange
6TOH 39ih Ave. Souihwest
Seatte, Wash,, 98136

The Cider Press
This is anoither large club newsletier, For information, srite:
The Cider Press
cfo The Apple Core of San Francisco
Box 4K16
San Francisco, CA 94101
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