APPLE Il

REFERENCE MANUAL




NOTICE

Apple Computer Inc. reserves the right to make improvements in the
product described in this manual at any time and without notice.

DISCLAIMER OF ALL WARRANTIES AND LIABILITY

APPLE COMPUTER INC., MAKES NO WARRANTIES, EITHER
EXPRESS OR IMPLIED, WITH RESPECT TO THIS MANUAL OR WITH
RESPECT TO THE SOFTWARE DESCRIBED IN THIS MANUAL, ITS
QUALITY, PERFORMANCE, MERCHANTABILITY, OR FITNESS FOR
ANY PARTICULAR PURPOSE. APPLE COMPUTER INC. SOFTWARE IS
SOLD OR LICENSED “AS IS THE ENTIRE RISK AS TO ITS QUALITY
AND PERFORMAMNCE 1S WITH THE BUYER. SHOULD THE
PROGRAMS PROVE DEFECTIVE FOLLOWING THEIR PURCHASE,
THE BUYER (AND NOT APPLE COMPUTER INC., ITS DISTRIBUTOR,
OR ITS RETAILER) ASSUMES THE ENTIRE COST OF ALL
NECESSARY SERVICING, REPAIR, OR CORRECTION AND ANY
INCIDENTAL OR CONSEQUENTIAL DAMAGES. IN NO EVENT WILL
APPLE COMPUTER INC. BE LIABLE FOR DIRECT, INDIRECT,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES RESULTING FROM
ANY DEFECT IN THE SOFTWARE, EVEN IF APPLE COMPUTER INC,
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
SOME STATES DO NOT ALLOW THE EXCLUSION OR LIMITATION
OF IMPLIED WARRANTIES OR LIABILITY FOR INCIDENTAL

OR CONSEQUENTIAL DAMAGES, SO THE ABOVE LIMITATION

OR EXCLUSION MAY NOT APPLY TO YOU.

This manual is copyrighted. All rights are reserved. This document may
not, in whole or part, be copied, photocopied, reproduced, translated or
reduced to any electronic medium or machine readable form without
prior consent, in writing, from Apple Computer Inc.

£ 1979, 1981 by APPLE COMPUTER INC.
10260 Bandley Drive
Cupertino, California 95014
(408) 996-1010

The word Apple and the Apple Logo are registered trademarks of
APPLE COMPUTER INC.

APPLE Product #A2L0001A
{030-0004-C)

WARNING: This equipment has been certified to comply with the limits
for a Class B computing device, pursuant to Subpart J of Part 15 of FCC
Rules. Only peripherals (computer input/output devices, terminals,
printers, etc.) certified to comply with the Class B limits may be
attached to this computer. Operation with non-certified peripherals

is likely to result in interference to radio and TV reception.



Apple Il Reference Manual

A REFERENCE MANUAL
FOR THE APPLE II
AND THE APPLE II PLUS
PERSONAL COMPUTERS




TABLE OF CONTENTS

CHAPTER 1
APPROACHING YOUR APPLE

THE POWER SUPPLY

THE MAIN BOARD

TALRING TO YOUR APPLE

THE KEYBOARD

REAINNG THE KEYBOARD

THE APPLE VIDED DISPLAY

4 THE VIDEOQ CONNECTOR

10 FURAPPLE (50 HZ) MODIFIC ATION
I SCREEN FORMAT

17 SCREEM MEMORY

12 SCREEN PAGES

I17 SCREEN SWITCHES

4 THE TEXT MMOHIE

17T THE LOW-RESOLUTHN GEAPHICS (LO-RES) MODE
19  THE HIGH-RESOLLUTION GRAPHICS (HI-RES) MODE
N OTHER INPUTATPUT FEATURES
2 THE SFEAKER

22 THE CASSETTE INTERFACE

2 OTHE GAME O CONNECTOR

23 ANNUNCIATOR OUTMUTS

24 ONE-BIT INPLITS

24 ANALOMG INPUTS

25 STHROBE OUTPLT

35 VARIETIES OF APPLES

2% AUTURTART Ros f MONITOR ROM
o REVISION @/ REVISION | BOARD
2T MIWER SLIPPLY CHANGES

27 THE APPLE IT PLLUS

& B L B Tei B



CHAPTER 2
CONVERSATION WITH APPLES

Rl
3
3l

n
B
3l
13
34
S
b
37
3k

STANDARD OUTPU

THE STOP-LIST FEATURE

BUT SOFT. WHAT LIGHT THROUGH YONDER WINIXIW BREAKS!
(OK, THE TEXT WINDOW)

SEEING 1T ALL IN BLACK AND WHITE
STANDARD INPUT

ROKEY

GETLN

ESCAPE CODRES

THE RESET CYCLE

AUTOSTART ROM RESET

AUTOSTART ROM SPECIAL LOCATIONS
“OLE MONITOR™ ROM RESET

CHAPTER 3
THE SYSTEM MONITOR

Hi
41
41
43
43

4
47
48
44

ENTERING THE MOMITOR

ADDRESSES ANID BDATA

EXAMINING THE CONTENTS OF MEMORY

EXAMINING SOME MORE MEMORY

EXAMINING STILL MORE MEMORY

CHARGING THE CONTENTS OF A LOCATION

CHANGING THE CONTENTS OF CONSECUTIVE LOCATIONS
MOVING A RANGE OOF MEMORY

COMPARING TWO RANGES OF MEMORY

SAVING A RANGE OF MEMORY ON TAPE

READING A RANGE FROM TAPE

CREATING AND RUNNING MACHINE LANGUAGE PROGRAMS
THE MINLASSEMBLER




al
53

55
.FI
i
i
h5
s

P HE G NG PROCTRE AMS

EXAMINING AND CHANGING REGISTERS
MISCELLANEOUS MONITOR COMMANDS
SPECIAL TRICKS WITH THE MONITOR
CHEATING YOUR (WN COMMANDS
SUMMARY OF MONITOR COMMANDS
SOME USEFUL MOXITOR SLUBROLUTINES
MOMNITOR SPECIAL LOCATIONS
MINI-ASSEMBLER INSTRUCTION FORMATS

CHAPTER 4
MEMORY ORGANIZATION

bR
bl
T2
T3
Td

REAM STORAGE

RAM CONFIGLRATION BLOKCKS
ROM STORAGE

0y LOCATIONS

LERD PAGE MEMORY MAPS



CHAPTER
INPUT/OUTPUT STRUCTURE

T8 RLTLT-1N 1)

™ PERIPHEEAL HOARD L0y

50 PERIPHERAL CARD 1M SPACE

B0 PERIPHERAL CARD ROM SPALCH

Bl [T PROGREAMMING SUGGESTIHONS

B PERTPHERAL SEOT SCRATCHPEALD R AM
K1 THE CEW/KSW SWITUHES

B FEXPANSIONN ROM

CHAPTER 6
HARDWARE CONFIGURATION

BE THE MICROPROCESSOR

W SYSTEM TIMING

9 POWER SLIPPLY

B ROM MENMUNEY

95 RAM MEMORY

5 THE VIDEO GESEFRATOR

97 YIDNEO OUTPUT JACKS

B8 BUILT-I™ LA

Wy LSER |7 MUMPER

Py THE GAME A0 CONMECTINR
fiid THE EEYROARL

Y KEFEYHORAR D COSNEC TOH
3 CASSETTE I=TEREALCE 1al K&
[ PEPWER CiysSECTOR

s SPEAKER

05 PERIPHERAL CONMEC TORS



" APPENDIX A

THE 6502 INSTRUCTION SET

* APPENDIX B

135

185

SPECIAL LOCATIONS

APPENDIX C
ROM LISTINGS

" GLOSSARY

BIBLIOGRAPHY



INDEX

190
194
195
195
195

GENERAL INDEX
INDEX OF FIGURES
INDEX OF PHOTOS
INDEX OF TABLES
CAST OF CHARACTERS



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

£} |



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.
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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/
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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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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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