































































































































































































































































































THE MACINTOSH PROJECT

DOCUMENT 19A VERSION 2

TITLE: THL MACINTOSH EDITOR, PART A
AUTHOR: JET RASKIN

DATE: 03 Nov 79

l. INTRODUCTION

In a personal computer system meant for the general public the design of the
text editor must be especially approachable and easy and quick to learn and
use. To this end, an editing system has evolved that is somewhat different
from the main stream of word processor design.

2. ORGANIZATION OF THE SYSTEM

When the computer is first turned on, it is executing some program. As
supplied, it powers up in the editor. There are a few editor options that
make it "smart" with respect to the task that it is to do--for example in
editing a program--but its capabilities remain basically the same. The
options might include some of: the "Apple" calculator language, BASIC,
Pascal, the Personal Communicator and the Personal Assistant. You can
make any of these or any application program the default upon system power
‘up.

The editor abilities are common to the entire system (except during execution
of application programs).

There are two special keys on the keyboard. On Sara they are Apple 1 and
Apple 2. For now we will call them HELP and CHANGE. :

3. THE EDITOR, A FIRST LOOK

The design is based on the Bannister & Crun text editor. It is aimed at the
personal creation and editing of documents rather than the typing and editing
of documents created by others. Most commercial word processors are
optimized for the latter task.

3.1 INITIAL APPLARANCE TO THE USER

The system is very easy to learn and to teach since it merely simulates a
rather smart typewriter. It requires no commands to be used as a simple
editor. You type, and what you type appears on the screen. Shift Space is
the destructive backspace, and the keyboard has auto-repcat. With no
further information than this, you can create documents more easily than

- with a conventional typewriter.

3.2 INITIAL STORING OF A DOCUMENT

What is kept on the mass storage device is not a copy of the document as you
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see it on the screen, but a keystroke trail of the document. At the cost of
(usually) very little extra space, this is a far more powerful item to.
store. It not-only represents the current state of a document, but every
previous state as well. You will have the option (as we shall see later) of
storing the final result of following the trail, as well as the formatted
version of the file. (Note that a document that is built out of many copies
of a set of items is stored more compactly in trail form than in literal
form.) ‘

Another useful fact about the keystroke trail is that it never need be re-
written but only appended to. This is be done automatically as soon as a
given buffer fills. What you see on the screen, of course, is not the
trail, but the current state of the document.

As far as the you are concerned, no thought at all need be given to the
storing of a document. Given the "soft off" feature, and the automatic
dumping of the keystroke buffer, the current document is always placed into
non-volatile memory. Only a power failure (or other act of God, such as the
dog chewing up a disk) can cause loss of data--and a power failure will lose
at most one buffer (probatly about ﬁ# bytes).

You will have to give some thought to filing things away when a new
document is to be started. Pressing the HELP button obtains a menu (at the
bottom of the screen, called the "menu area", which is scrolled up to
accomodate it). One item on the menu during editing is to file a document.
The system asks for a name, and a description (which is optional). When
given the name (and the description) the keystroke trail is squirreled
away. Later we w1ll discuss retrieving files, and keeping versions
straight.

3.3 INITIAL PRINTING OF A DOCUMENT

There is a default formatter in the system. Another item on the HELP menu
during edits is to print a document. With no further instructions, standard

margins, pagination and font selection will be operative. The document
presently bcing edited (what UCSD Pascal would call being "in the Workfile")

is the document that will be printed. Later we will see that it is possible
to format and/or print other documents.

3.4 SUMMARY OF FIRST USER INTERACTION

With but a few minutes of instruction from the computer (or, at worst, a fcw
minutes reading the manual), you (or even a naive user) will be able to edit,
store and print a document satisfactory for many purposes. To get further
options you will have to press HELP rather than RETURN after sclecting

an item such as PRINT from the edit HELP menu.

In general, the menus will be very simple, ‘and at each stage selecting an
item and pressing RETURN creates an action. Selecting an item and pressing
HELP gets a sub-selection or further details on the item in the original

menu if no sub-sclection is possible.
Note that all Apple-supplied programs for this computer will have to adhere
to this style of user interaction.
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4. THE CHANGE COMMAND

During editing, you can press the CHANGE key. The bottom line
immediatcely shows this format—-the cursor position is indicated by []

CHANGE [) INTO

The cursor in the text stops flashing, and the cursor in the bottom line
flashes. '

4.1 USING THE CHANGE COMMAND WITH LITERALS

You type the word or phrase you wish changed (called the "pattern'"), and then
press the CHANGE key again. The screen shows (for examplc) Y

CHANGE frugile INTO {]

Now you can type what you want the striﬁg changed into (called the
"replacement'). The cursor in the text moves to the point at which it found
the example for which you were looking, and highlights it.

[The CHANGE instruction is operative, by using SHIFT CHANGE, even during a
change.]

The search proceeds from the current text cursor position and proceeds
backwards, wrapping around if necessary to complete the search. You may
think it strange that the search is backwards, however in creating a

document, this is the direction most often needed.

If you want to change the instance of the pattern (continue searching), you
use the HELP key which has this item on the menu. Usually you will include
enough context to avoid needing this feature (which should not be introduced
at first).

Once you have found the desired instance of the pattern you can complete the
command, which becomes

CHANGE frugile INTO fragile
and is terminated by a (third) press of the CHANGE key.
(Were you expucting, maybe, "frugal?)

When the instance of the pattern in the text is found (it was, you remember,
highlighted) it is replaced by the replacement string. One HELP option is to

do it again, another is to do it for every instance. Again, note that you
need not use any HELP options in order to do most editing, nor do you need
them to use the simpler method. '

1f the INTO field is empty (it is terminated by a press of the CHANGE kcy)
then this command is a deletion. This is most natural, and avoids having a
separate instruction or button for deletion. g
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4.2 MOVING THE CURSOR

When an instance of a pattern is replaced, the cursor is left just after the
replaced section. Typing will appear at the cursor location--it is an
implicit insert. The instruction

CHANGE run INTO run

serves to move the cursor to the most recent instance of the string ''run".
(It might be into the middle of the word "brunch" for example. If you wanted
to find the word "run" you might type " run " for the pattern.)

The empty string is understood to occur at the end of the text, so that
entering no string for the pattern (i.e. pressing CHANGE twice in a row)
places whatever would be put as the replacement at the end of the text.

It thus becomes quickly learned that three presses of the CHANGE key moves
the cursor to the end of the text. Two presses does the same thing, except
that the text you want to add appears as the INTO portion of the bottom

of the screen.

The menu area of the screen can grow as needed until it is the entire screen
or more if necessary.

4.2.1 THE EFFICIENCY OF THIS METHOD OF MOVING THE CURSOR

Interestingly, experience with an editor of this design has shown that you
can unabiguously specify most instances of patterns in natural language text
with three chaacters. With the wild cards in 4.4 below, this means that

moving the cursor is usually faster using this method than with cursor motion
commands. B

In most programming languages, the text is more repetitious, and you will
often need to specify three or four tokens to move the cursor. A compact
language such as that suggested for the calculator language is nearly ideal
for this editor. (See document Ml4)

The four normal cursor control buttons or some equivalent device is also
expected to be available.

4.3 USING RANGES IN THE CHANGE COMMAND

A mechanism for specifying and moving large portions of the text is provided. .
The syntax is much like that of Pascal. (This concept has appeared in the

text editor described recently in CACM [find reference], however it was first
used by the author some ten years ago, albeit with three dots instead of
two.) ,

4.3.1 USING THE CHANGE COMMAND WITH RANGES
Changing a large body of text can be tedious unless a range specifier is
allowed.

CHANGE you m..ker INTO expletive deleted

Will take the most recent occurrence of "ker" and then find the first
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occurrence of "you m" prior to that.” The periods that appcar in the pattern
are obtained via the HELP key, and are not ordinary periods.

1f the INTO field is empty, this mechanism allows deletion of large portions
of text. Since the text is highlighted, and since commands can be aborted by
means of the HELP key, e¢rrors can be avoided.

4.3.2 USING A RANGE AS THL REPLACIMENT

When a range is specified as the replacement, the text spccified by the
replacement range is moved into the place specified by the pattern. This
allows blocks of text to be easily moved. A HELP option for the pattern
allows the movement to be to the current cursor position.

There are a number of techniques that users quickly develop that make this
command structure more useful than it might appear to people unused to it.

THE MACINTOSH PROJECT

DOCUMENT 19B VERSION O

TITLE: THE MACINTOSH EDIfOR, PART B

AUTHOR: JEF RASKIN

DATE? 03 Nov 79 ) g

4.4 USING THE WILD CARDS

4.5 SCANNING THROUGH A DOCUMENT (and.grammatical positioning) (to beginning
and end)

4.6 UNDERLINING AND OTHER MODIFICATIONS OF CHARACTERS

" 4.7 OUTPUT FORMATTING (& widows and orphans)

4.8 ABILITY TO UNDO MISTAKES (and the lack of nced to protéct areas of text)

4.9 THE MENU AREA (and enviornment setting: headings, footings, margins, page
numbers, footnotes, paragraphs)

4.10 HANDLING USER ERRORS
4.11 TABS AND COLUMNS
4.12 MACROS

4.13 DIFFERENT PRINTERS
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5.0 PROPERTIES OF THE EDITOR

This is certainly one of the "what you see is what you get'" variety editors.
It has roughly the same power as the UCSD and Apple Word editors. Each of
these editors has some '"features' the other lacks, but they can all do about
the same job. Apple Word is easier than our other editors to use, and I
suspect the present editor may be easier still. '

5.1 SIMULATING THE B&C EDITOR ON AN APPLE 11

This system can be simulated with CTRL C and CTRL D for the CHANGE and HLLP
keys. On most sytems CTRL H is the destructive backspace, if SHIFT SPACE is
mnot available.

5.2 MANUALS, BOTH ON- AND OFF- LINE

6. IMPLEMENTATION

6.1 PERSONNEL

6.2 IMPLEMENTATION METHODS

6.3 SCHEDULE

7. FUTURE EMBLLLISHMENTS

8. ENGELBART STRUCTURL OF A TEXT

M 19B.0 Page 6



THE MACINTOSH PROJECT
DOCUMENT 20 VERSION 0

TITLE: THE MACINTOSH DI1SPLAY
AUTHOR: JEF RASKIN

DATE: 12 Dec 1579

ABSTRACT

Many display technologies have been studied. Regretably, all but the CRT are

as yet either not ready or too expensive to consider.

Human factors studies

suggest that a screen should have from 25 to 30 dots per centimeter to make
the displayed characters appear continuous. More is uneconomical. Fewer
make the dots visible to the average reader at normal reading distances.
Programming considerations show that a 256 by 256 display is desirable in
terms of program speed and efficiency. These factors fit nicely with a small
CRT with a viewing area of from 8.5 by 8.5 cm. to 10 by 10 cm.

The photographs on the next page show a simulation of the proposed screen at

actual size. In printer’s terms, the characters are in an 8 point font, which

is larger than the print you are reading now.

Portability and cost constraints, combined with the expected application

areas of Macintosh, preclude color.

lln 15 3 simulation of the proposed Macintosh screen. 1t has the

e i
Same

horizontal resolution, but less vertical resolution: the actual vertical

size will be 25 lines of text (256 pixels). Using this font, an average of
over 76 characters can be displayed on a line. To facilitate columnar
display of data, the digits are of constant width: 8123456789, 51 num-
erals can be displayed on a single line. The character set, whichis full
A%CTT, is: abedefghijkimnopgrstuvwsxyz ABCDEF GHIJKLMNOPQESTUY
LIZYZ 1R E& OO =~} _+7ON:- 7]/, plus

the digits shown above.

The char acters in this photograph are almost exactly the size they will

be on the proposed Macintosh display.

This photograph is confidential and proprietary property of Apple Com-
puter Inc. It may not be exhibited outside the company without auth-
srizabion. Jef Raskin, 13 December 1979
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This is 2 simuiation of the proposed Maciatesh screes. It has the some
herizantal resalutisn, but less vertical resolution: the actual vertical
size will be 25 limes of text (256 pixels), Using this fant, an average of
sver 78 characters can be displayed on a kine. To faciltale cobwmear
display of data, the digits are of constant width: 8123456789, 51 mm-
eraks can be displayed on 2 single line. The character set, which is fll
RSCII, is: shcdefghi kimaspgrstuvwxy2 ABCDEF GHI JKLMNOPQRSTUY
WXYZ 1" 8828 O*="~{}_+2O\:-7[]);/.,phs
the digits shewa abave.

The characters in this photegraph are almast exactly the size they will
be sa the prapesed Macintosh display.

This is a simulation of the 256-dot wide Macintosh screen. Siace tis
being simulated on an Apple I1, the full 24 lines cannot be displayed. On
this screen, using the font at which you are now looking, an average of
over seventy characters per line can be displayedin normal English text
apphcations. The numerical font is constant width: 111122223333444
1234567690123456789812345678961234567890 12345678961
fis demonstrated here, 51 numbers can be displayed across the full widt

h of the screen. abcdefghijkimnopgrstuvwryz , . 7 ;L1 "€ -2\
PPRe7E OF="~{}+7?><ABCOEFGHIJKLMNOPQRSTUVWIX
';’Z_ This comprises the complete ASCII character set. Here is some
‘ascal code:

e PR it
L e e R R

function GCDChrstaumber, secondnumber: integer ): integer ;
var remainder: integer ; '

begin
if firstnumber < secondnumber
then
GCD := 6CDCsecondnumber, firstaumber)
else
begin
remainder := firstnumber MOD secondnumber;
if remainder = 0
then
6GCD := secondnumber
else
GCD := GCD(secondnumber, remainder)

end
end;

how « progres NsH' look
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1. INTRODUCTION

The various questions'about the nature of Macintosh’s display have been
largely resolved. This document summarizes the research done to date.

1.1 BUILT-IN DISPLAY

In Document M2, a numbur of areas of concern about the display were brought
forward, notably absent was any mcntion of predictability. One of the main
weaknesses of the Apple 11 was the display limitations imposed by the
variability of external displays that might be attached. We were forced to
design for the lowest common denominator: a poor color TV. In order that
Macintosh be sclf-contained and to give us control over the quality and
specifications of the display, it will be mechanically and electrically part
of the main package.

1.2 BIT-MAPPED ARCHITECTURE

To permit both graphics and text, a bit-mapped display has been chosen.
Experience has shown it to be both a cost-effective technique with few
limitations in applications. In fact, the bit-mapped display on the Apple II
is certainly one of the reasons it has remained so popular.

1.3 MARKETS SERVED

The display resolution proposed below will satisfy the needs of most major
marketing areas such as personal use in business, science, industry, and the

hobbyist. A small problem with some potential educational applications is
discussed below.

2.0 DISPLAY TECHNOLOGY

A number of technologies have been explored. It is clear that Apple must
follow and perhaps even develop one or more of these (or even other possible)
display technologies.

2.1 LIQUID CRYSTAL

Two avenues have buen explored, direct LCD viewing and a small LCD "slide"
using transmitted light onto a screen. The problem of multiplexing an LCD
matrix of the required resolution at any size has not been solved at the
present time. When and if this technology matures, its small size, light
weight and low power consumption will inspire many products--including a
redecsigned personal computer.

2.2 PLASMA AND SELF-SCAN PANELS

At present this attractive technology suffers from excessive cost. A 256 by

256 display without electronics can be purchased for $100. Paul Baker has
suggested that we could produce the panels (with moderate resolution) in-
house at reasonable cost, but at present this option has not been studied.

2.3 LIGHT EMITTING DIODE ARRAYS
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These have just become available, and are being applied by the military. They
are too expensive to consider at the present time. There are some concerns
about power requirements as well.,

2.4 FIELD IMISSION DISPLAYS

While a promising technology, it is unlikely to be ready in time for the
present project.

2.5 ELECTROLUMINESCENT PANELS

Sharp and Hitachi, among others, have exhibited such displays. They are not
yet available commercially.

2.6 LASER SCANNLRS

An optomechanical scanning device was considered but abandoned on the grounds
of mechanical difficulty and questionable maintainability.

2.7 CRI

CRTs are undesirable on grounds of size, weight, fragility and the high
voltage necessary. Nonetheless, nothing approaching their low cost and ready
availability exists. Two approaches have been considered: direct view and

projection.
2.7.1 PROJECTION CRT

Our consultant, Alan Stein has been investigating this possibility. At,
present there are possible difficulties with brightness and contrast, and it
is not clear just how available are the extreme brightness CRT’s required.

In any casc these projection CRTs are about 7 or 8 cm in size, which is quite
close to the size of the direct view CRTs being proposed. Of course a
projection CRT would give us a larger screen, but in that case more resolution
would be required to meet the goal of 25 to 30 dots per cm. (see section 3
below). :

Use of a projection scheme is very attractive since it allows a folding
display and thus a compact, lightweight package. On the other hand, it
requires more mechaical assembly, optics and other parts that would increase
maintainance problems. Keep in mind that a projection CRT system has all the
complexity of a CRT, and in addition has optical and mechanical components.

2.7.2 DIRECT VIEW

A direct view CRT has the advantage of simplicity. Such a CRT may either be a
flat scrcen display or a conventional (and awkward) bottle type CRT.

2.7.2.1 FLAT CRT

Allen Stein has been investigating these, such as the Sinclair rectangular
tubc. As with many other promising technologices, this one is, at present,

merely promising. It dous not seem that such a CRT will be prepared in time
and at a competitive price, although it is by no means out of the question
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that given adequate incentives it could be done.
2.7.2.2 CONVENTIONAL BOTTLE

There is no doubt that the conventional CRT is an excellent candidate for
Macintosh’s display.

2.8 HARD COPY AS A DISPLAY MEDIUM

Mike Markkula has suggested that the possiblity of having no volatile display
be investigated--or, if one could be invented, a volatile hard. copy display be
devised. The requirements for too many applications require a fast-changing
display, and no known technology (unfortunately) will permit updating a piece
of paper or other hard copy medium at anything near the required rates.

3.0 HUMAN FACTORS

The main factors with which we are concerned are resolution, flicker, size,
color, brightness and contrast.

3.1 RESOLUTION BOTH GRAPHICAL AND OPTICAL

We have two resolutions, the program resolution or number of dots comprising
the picture, and the resolution of the screen as seen by the human eye. For a
given screen size, fixing one determines the other. Experience and a number
of studies have shown, as stated above, that characters composed of dots seem
continuous at between 25 and 30 dots per cm, and their edges seem smooth at
above E0 to 90 dots per cm. Careful inspection of a character will reveal

jagged edges until a dot density of 150 to 200 dots per cm. is achieved.
(these studies assume round dots just touching at their edges in a square

packed tesselation).

For our purposes, the formation of characters that appear continuous, we

should strive for a screen dot density of 25 to 30 dots per cm. If we choose,
for the purposes of portability, a 4 or 5 inch CRT, then the desired density
is obtained with between 200 and 300 dots across the tube. Programming

considcrations on a byte oriented machine suggests the convenient fipgure of
256 dots.

3.2 BLACK ON WHITE VS. WHITE ON BLACK

The work with a number of commercial word processors (e.g. CPT, experienceat
Xerox PARC, ancé also the photographs on page 2, suggest that black on white,
as used nearly universally on the printed page, is to be preferred. 1 suggest
that this not be made¢ a user option.

3.3 FLICKER

A light-colored background makes flicker more noticable than does a black
background. User preference indicates that a white phosphor is to be
preferred over the slower green. 50Hz seems to be a bit slow, so it is
suggested that a higher rate be used. 1f, as proposed here, no attempt be
made to have standard video, and we do not have to be PAL or NTSC compatible,
than any refresh rate above 50Hz would be acceptable, and we can choose some
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convenient sub-multiple of the system clock.
3.4 COLOR

Considerations of cost and portability practically exclude color as even an
option on Macintosh. The areas in which it is intended to be used,
fortunately, do not rely as heavily-on color as would a home or game oriented
machine.

4.0 COST

"Gary Baker estimates that a CRT system that can display 256 by 256 dots might
cost in the $20 to $30 range.

5.0 SIZE AND WEIGHT

The CRT will be about 6 inches in width, 5 high, and between 6 and 8 inches in
length. The entire CRT and associated components will weigh between one and
two pounds.

6.0 MEMORY REQUIREMENT
A bit mapped 256 by 256 display requires exactly 8,192 bytes of memory.
7.0 PROBLEMS WITH NON-STANDARD VIDEO

While non-standard video- has some advantages, such as extra vertical

resolution and electronically convenient refresh and scanning rates, we lose
the ability to usc inexpensive slave monitors. This hurts us most in the

educational arena whure large monitors are especially useful. It also makes
dealer display more difficult.

On the other hand, the enhanced quality of the image and lower price permitted
by non-standard scanning may be a greater asset.

8.0 POWER CONSIDERATIONS

A conventional CRT and associated electronics adds a load of betwern 9 and 12
watts to the system.

9.0 FONTS, DOMESTIC AND FOREIGN

As shown by the photographs, a small CRT, with the appropriate fonts, can be
extremely readable. The large number of lines will allow the special
characters and diacritical marks demanded by non-English languages. The
software engendcred by this approach will be very flexible in these regards.

10.0 APPENDIX: FONT GENERATOR PROGRAM

This is a simple program that generates and allows primitive editing of a
proportional font. The one shown is called "Two~bit Gothic Proportional
Condensed" and was designed by the author to demonstrate how readable a truly
compact font can be. :
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DOCUMENT 21 VERSION O
TITLE: BEYOND WORD PROCESSING: THE ONLINE TEXT SYSTEM
AUTHOR: DAVID CASSERES

DATE: 3 October 1979

The purpose of this paper is to stir up some interest in the
possibility of an Apple implementation of a unique and powerful
personal computer tool, the Online Text System (OTS).

OTS is a personal system for entering, editing, and studying text. It
differs radically from today’s concepts of "editors" and "word
processors' as explained below, and is optimized for the user who
wants to use text in large quantities as a primary intellectual tool.

As explained below under "History," the essential concepts presented
here are not new. They have been implemented in a research prototype
system and exhaustively tested in a work environment for several

years by a team of up to twenty technical, clerical, management, and
documentation people.

There is rcason to think that someone besides me is thinking about
implementing these ideas on a personal computer.

OTS 1S NOT ANOTHER WORD PROCESSOR
Most existing text processors fall into two categories:

Editors: Direct or indirect descendants of hacks developed
(of ten decades ago) by programmers who needed to edit source
COd(: .

Word Processors: Elaborately inteprated systems to be used by
a clerical operator. These systems are intended for
production of business documents from letters up to
(occasionally) manuals. The function of formatting the text
for hard-copy production is the heart of these systems. Text
entry is assumed to be done from some kind of draft provided
to the operator by someone else. Documents are assumed to be
small. Editing is assumed to be simple, and it is assumed
that if you want to study a document you get a hard copy.

The proposed OTS is more like an editor than a word processor, in that
it is to be operated personally by the creative worker. Also, it does
not incorporate hard-copy formatting at all -- this is done by any of a
whole family of external processes with various specializations. All
formatting done by OIS is screen formatting, and OTS is heavily
optimized for this. ‘
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For example, while almost all editors and word processors are at least
partly line-oriented, OTS is line-ignorant. It breaks statements into
lines according to current display parameters, and does not store
lines as such except when the user explicitly wants it to.

CONCEPTS

OTS is designed with large, complex texts in mind. The problem in
dealing with such texts on a screen is the difficulty of orienting
oneself to the structure and content of the text. When you try to
study, you get lost very quickly. Anyone who has tried this can
understand the problem. It has never been addressed in a meaningful
way by any production text system.

OTS does address this problem. By letting hard-copy formatting be an
external function, OTS is able to have a study function as well as the
traditional capture and modification functions of an editor. The same
features that optimize OTS for studying the text also optimize it for
ultra-efficient editing (since study is a key part of editing).

Existing systems treat the computer as a tool for developing hard
copy, under the assumption that hard copy is THE medium for text.
Such systems are based on partial simulation of hard copy on the 'CRT.
OTS treats the computer/CRT as a new medium for text in its own right.

TEXT STRUCTURE

The key idea of OTS is that a text has an implicit structure which is
known to the system. The structure used is the classic tree. Nodes in
the tree are called 'statements," and the content of a statement can
be any string. Typically, an OTS statement is used to contain a
paragraph, a heading, or a source-language statement. (Anyone who
finds it hard to visualize a document as a tree structure need only
think of the conventional "outline form'" we learned in high school.)

So every statement not only has a certain position within the sequence
of statements, but it also has a "level" in the hierarchy of the treec.
The system knows about levels. For example, when you create a new
statement the system offcrs you a default level which is the level of
the preceding statement. You can adjust the level down or up.

For a first glimpse of the power this affords, imagine a huge text --
equivalent to an entire corporate planning document, for example. Each
chapter heading is a top-level statement; each section heading within a
chapter is a second-level statement, and so forth. '

1f you loaded up such a text in a conventional editor or word

processor, you would then be in bad trouble if you wanted to find
something that might be near the middle of the text. With tree

M21.0 Page 2



structurc, you can command OTS to display only first-level and sccond-
level statements. The second~level statements are displayed indented.
Instant outline... Now you find the section you want, and move it to
the top of the screen; at the same time, you specify "opening up"
another level, with only the first line of each statement on the
display. In this manner, you can very quickly find what you are
looking for (in most cases).

The tree structurc is chosen because it is natural for both documents
and computers. It is also an easy structure to understand. Writers
who use it as an organizing principle soon learn to love it, and
documents written this way are merely obeying the ancient high-school
teaching: start by making an outline. It is not limiting, since the
user is perfectly free to write all statements at the first level.
This results in a '"conventional" structure, i.e. linear.

Using a system of this kind to develop and study the source code of a
large program written in a block-structured language is a revelation.
Moreover, it turns out that if you use such a system as an editor for
developing large source codes, it encourages structured programming.

USE OF TEXT STRUCTURE IN EDITING

The editing function falls into two parts: statement editing (the:
familiar manipulation of strings, words, and characters) and structure
editing. Structure editing is the manipulation of structural entities
within the trce. For example, a 'branch'" is a subtree -- a particular
statement, all its substatements, all their substatements, etc. You
can delete branches, move them, copy them, ctc.

Other structure entities are defined: a "plex'" is all the branches
that are subtrees of a common parent; a 'group" is a set of contiguous
branches.

The display normally shows structural relationships by indenting

statements accordirg to their level. Also, statements implicitly have
numbers like :
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1 xxx
la xxx
2 xxx
3 xxx
3a xxx
3al xxx
3a2 xxx
3a3 xxx
3b xxx

3c xxx
4 xxx :

The statement numbers are generated automatically and displayed on
command. Of course, statement numbers change automatically whenever
structure editing is done. '

USE OF TEXT STRUCTURE IN STUDYING

The study function is supported by commands such as the J(ump set:

[The prompt notation of UCSD Pascal is used here as an example, it
should probably not be used in an Apple implementation of these ideas--
Jef] \

J (ump
S(uccessor: next statement at same level
P(redecessor: precedins statement at same level
U(p: parent statement
D(own: first daughter statement
O(rigin: root of tree, first statement in text
L(ink: statement referenced in textual link
N(ext: next statement in linear order
E(nd: last statement in text
R(eturn: statement jumped from to get current state

A J(ump command operates by placing the specified statement at the top
of the screen. The syntax also allows for the entry of various one-
character codes called viewspecs. The viewspecs set the display
control parameters for such things as the number of levels displayed,
number of lines displayed per statement, whether statement numbers,
labels, links, etc. are displayed, and so on.

Another important viewspec enables or disables display filtering.
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Display filtering is OTS’s equivalent of the "string search"
capabilities of a typical text editor. OTS offers the user a powerful
"string specification language" (SSL) for specifying content ,
characteristics of statements to be displayed; only statements with the
specified type of content will be displayed when filtering is enabled.

SSL is essentially an extended BNF. It contains a subset that is easy
to use and approximates the customary string search function. For the
more experienced uscr, a specification written in SSL can be stored as
statement text and used by means of the command E(xecute S(tatement.

SSL is itself a subset of a larger language which allows specification
of primitive string-editing functions. This is String Search and
Editing Language or SSEL. Users who are interested can also have all
of SSEL, and can execute their own automatic editing sequences via
E(xecute T(ext.

This accesibility of detailed primitive functions via high-powered
languages, and their integration into the text via E(xecute T(ext, is
an important part of the design philosophy of OTS. Another step in the
same direction is the O(utput to C(ompiler command, which outputs a
text of high-level source code (say Pascal) to a pre-compiler which
converts it from OTS tree-structured file format to a compilable file.
“At this point OTS becomes reasonably serious as a software

development /maintenance tool.

ANOTHER KIND OF STRUCTURE

Although the trec is about the most general and useful of the regular
graph structures, it cannot do everything. Often it is desirable to
have a linkage bctween two statements entirely independent of the tree
structure. OTS allows you to establish such a linkage by giving a
label to a statement and giving other statements links to that
statement. The system knows about the meaning of links, and can-
"follow" them on command, displaying a statement according to a
reference in another statement.

Labels and links are part of the content of a statement, but can be
suppresscd from the display on command. Notice that in high-level
source code, labels and links can have the syntax of procedure names

and procedure references. Also, a link can point outside of the
current text.

In summary, a text has an inherent tree structure and may also have a
user-imposcd arbitrary structure based on links. The link structure

" can point out of the text and into another text. The two structures
are entirely independent of one another and both are actively supported
by the user system.
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HUMAN INTERFACE

The success of any OTS implementation depends critically on the beauty
of its human interface. The interface must feel extremely responsive.
Speed of human input and speed of system response are both important.

Human input is of two kinds: command mnemonics and cursor positioning.

Cursor positioning is done by means of an analog device such as a
joystick, forcestick, graphics pad, or mouse. Cursor control keys are
absolutely not adequate, and it is critically important to make cursor
positioning as easy as possible. [I suggest that all of these means of
cursor positioning are relatively slow, see M19--Jef])

It is desirable to have two control buttons available on the cursor-
positioning device: one is used for a "command accept" function, and
the other for '"command delete."

Most command mnemonics are single characters, and the command set is
tree-structured. The flavor of OTS commands is best given by example;
the D(elete commands are a good example:

D(elete
B(ranch
P(lex
G (roup
S(tatement
W(ord
V(isible
I(nvisible
T(ext
C(haracter

These commands illustrate the general philosophy of OTS editing
commands: one character (D) specifies a kind of action, and the next
character specifies the kind of entity to be acted on. The entity
W(ord, for example, means a string of alphanumerics bounded at both
ends by non-alphanumerics (or statement boundaries). After typing DW,
the user positions the cursor to any character in the word and types a
"command accept'" character (which might be ctrl-C). The word is '
deleted; and OTS is smart enough to delete a space along with it, if
the space delimits it. Alternately, instead of "command accept" the
user may select another word; the meaning is to delete the two
selected words and all between them.

A V(isible is simply any string 6£ non-blank characters; an I(nvisible
is any string of blank characters. T(ext is an arbitrary string
defined by pointing to its first and last characters.

In general, when OTS has a traditional function such as editing, it
beats the competition by being smarter. For example, M(ove and C(opy
are distinct editing commands, and there is a T(ranspose command as
well. The entity W(ord is handled correctly in all cases, as regards
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punctuation and spacing after an editing command is executed. Such
features are not frills; they are essential to the "hot" interface
that any system like OTS must have if it is to succeed.

NOTES TOWARD IMPLEMENTATION

The file structure of an OTS text is something to think about.
Ideally, there would be random access to statements; and ideally a
text could extend over many diskettes. Hard disks are a natural thing
to think about here.

Speed of response is important -- particularly the time required to
reformat the screen.

MARKET

Who knows? My own position has always been that the potential market
for this kind of tool is far, far greater than anyone has yet guessed
-- at least if it is as cheap as it now can be. Many of the
capabilities have to be used to be fully appreciated, and my guess is
that to sell a full-dress OTS (or even half-dressed) would require

some serious educational efforts. The implication is that if an OTS
is worth doing, it’s worth doing right.

HISTORY

At the 1967(?) Fall Joint Computer Conference in San Francisco, Dr. D.
C. Englebart of SRI presented a system called NLS (for oN-Line
System). NLS was presented as a tool of very wide scope for
"augmenting the human intellect,' but in its specifics it was a system
for editing and viewing text information. It offered the individual
text-oriented worker far more power than anything before or since.

. People who saw the FJCC presentation were overwhelmed -- as much by
the presentation as by its content. Englebart sat on stage at a
futuristic workstation custom~-designed by Herman Miller, and operated
the system in Menlo Park via microwave. The CRT image was projected
on a theater-size screen behind him; TV images of his face and of busy
workers at the Menlo Park site were intercut with the NLS display. It
was a media triumph, but unfortunately one of the main impressions
people got was that NLS was a monstrously expensive, extravagant,
esoteric superwhizzie for use in a futuristic laboratory by the most
rarefied geniuses. 1 think that many went away with their eyes
bugging out, talked about it for a while, and then forgot.

At that time, NLS ran on a timesharing XDS-940 dedicated entirely to

serving NLS users. About half a dozen users could be served
efficiently, up to about 20 with serious degradation of response.
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Later, SRI’s Augmentation Research Center operated NLS as a tool for
the ARPA Network Information Center (NIC). This incarnation of NLS
ran on a PDP-10. Another incarnation was delivered to the Air
Force.

The engineering that went into NLS was extremely impressive. For
example, a high-level machine-oriented language called MOL940 was
developed for the XDS-940. It served as the mainstream language for
developing NLS; but it was also used to develop a metacompiler which
created compilers for a family of Special-Purpose Languages (SPL’s).
The SPL’s included a string search and editing language, a tree
manipulation language, etc., Some of the SPL’s, or subsets of them,
were directly available to the NLS user via NLS itself. Eventually
all thg NLS software was contained in NLS structured files, cross=
referenced to each other by the actual procedure calls in the source
code and also by text links to the object code files. It was easily
the most elegant large software system around.

Hardware engineering was equally impressive; for example, the "mouse"
device was invented in connection with this project. Some of the
technical people on the project were Bill English, Jeff Rulifson, Bill
Paxton, Chuck Irby, Don Andrews, Dave Hopper, Bill Duvall, Mimi
Church, and Bruce Parsley, many of whom later went to Xerox PARC.

At the time of its development, NLS was strictly a demonstration of
concept, as far as any public beyond the ARPA community was :
concerned. It was very expensive to use, its human interface
depended on then-exotic hardware, timesharing systems were unreliable
and inefficient. The concept of computer text processing was not
thought to involve anything better than justified margins on a
Flexowriter. Eventually funding dried up, most of Englebart’s
technical people went to Xerox PARC where they were forever walled up
in ivory, and NLS was forgotten -- by most people.

I was until 1969 the technical writer for the project, and have been
carrying some of the ideas around ever sinc:. I always thought it was
a great pity that such a spectacular tool for writing and studying
text was forgotten. It is now clear to me that future Apple systems
are ideal for a modern descendant of NLS, optimized for an individual
user., OTS is such a descendant, and I believe that if Apple does not
eventually implement something like OTS, someone else will.
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THE MACINTOSH PROJECT

DOCUMENT 22 VERSION 1

TITLE: HOW CAN WE MAKE COMPUTERS TRULY PERSONAL?
AUTHOR: JEF RASKIN |

DATE: 10 FEB 80

What is currently considered. "state-of-the-art" technology is being applied in
many ways that affect our lives. While anything that affects our lives has

an impact upon us as individuals, and is '"personal' in that sense, I wish to
distinguish one special set of application areas of technology from the rest.

This distinction is easily made by observing some existing technologies, each
of which is over a century old: the telephone, home central heating, and the
office desk. Consider the desk first. 1In most circumstances it is assigned
to a particular individual who will be the only person to use it--sometimes
for many decades. Many sociological rituals and taboos surround the desk.
Only the owner and a few other people, such as the owner’s secretary or boss
or other immediate "family" within the company feel at ease looking through
it. In some instances there may be no other person who is authorized to go
through your desk. 1In spite of this close attachment of the desk to an
individual, it is rarely considered personal property.

This example shows that an item, though closely connected with one individual,

may not be personal in that it is neither owned nor controlled by the
individual (the company may rcassign the desk, say to move in a new one,
without violating any taboos). It only affects the individual at work, and

" is rarely (if ever) thought of outside of one’s place of employment.

The example of central heating may be taken to stand for the welter of
tangible property that we own (or rent) and that is associated with our homes.
There is no doubt that this is all personal property, but none of it is
essential personal technology in the sense being discussed here, even though
it affects our everyday lives and is often tééhnologicalfy based. 1 exclude
these items because they are attached to the house and not to the person.
When we move from place to place, we do not take the furnmace and radiators or
ductwork with us. While they may belong to us, they equally well belong to
the home. Other items, such as a console television set, will move with us

if we move, but they are primarily used at home. 1t is rare to find a 25 inch
TV at the beach or in the office. Rather than personal technology, these
items are appliances or fixtures. A small portable TV may be an instance of
personal technology.

The telephone instrument itself is attached either to home or to the working
place (or is a public phone), and is thus not essential personal technology,
but the telephone system is a different matter entirely. It affects every
phase of our lives, in matters both personal and involving our jobs. We
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carry telephone numbers with us, in books and in our heads and feel free to
use them at almost any timec. The telephone system, though not owned by any
of us, and not physically within our command, is an example of essential
personal technology in the sense I am trying to develop.

The general characteristics of an essential personal technology include its
applicability to work, homelife and play; portability or wide geographic
access or both; its importance or significance to the user in all these
roles; affordability; and options to make the technology aesthetically
acceptable to the owner.

If a technology does not impact all phases of the user’s life, that technology
"1s not personal; if it is limited as to where and when it can be used, a
technology is not personal; if the user cannot purchase the technology or its
use, it is not pcrsonal; if the user does not feel comfortable using the
technology it is not personal; if it does not matter to the individual 1if the
technology is always available or nearly so, it is not the kind of essential
personal technology being discussed here.

Calculators are an example of a technology that moved from non-personal to
personal technology in the past decade. For many individuals it is used at
work (say, to figure out sales tax), at home (to balance the checkbook) and at
play (to average bowling scores). The pocket calculator is independent of
power lines, is small and cheap, and comes in a wide range of styles to appeal
to the consumer’s illusion of making a significant choice. It became personal
when microelectronics made it small and inexpensive.

The same technology spawned the 'personal computer. However, in-spite of
their name, thcy are not yet truly personal. The so-called personal computers
fail the tests proposed here on a number of grounds. Because computers, much

more than most other technologies, have a wide and unpredictable range of
application areas, the argument is more complex, but the basic factors are the
same.

The personal computer of today (such as the Apple II on which I write this)
fails nearly every test that I propose. I can use it at work, and do so every
day. But then, I am a system designer, programmer and writer by trade. I do
use it at home, but just to continue my working day at a different location.
My calculator balances checkbooks nearly as well, and a lot more ‘
conveniently. 1 can force the computer into my avocations, but it is a square
peg in a round hole. If the computer is used, as many have proposed, to
control my house (e.g. adjust the heat, the windows and shades so as to take

- maximum advantage of solar heat and minimize thermal losses) then it becomes

a fixed appliance and cannot be moved without disrupting the house.

The present personal computer is neither truly portable nor widely available.
Even though my computer is very light, rugged and small (about 5 Kilograms,
and the size of a portable typewriter) and attaches to the ubiquitous
television, by the time you bring along the mass of cables, the disk drives,
and (heaven forbid) the printer, you need a wheeled cart or pet octopus to
help you out. In addition, it must be plugged in before it can be used, so
that it is difficult to use while travelling or even on a desk in the middle
of a classroom--both places where the calculator is as handy as ever.

M22.1 Page 2



My Apple is very significant to my life. 1 quail at the prospect at evcr
having to use as clumsy a tool as a typewriter again. ' Yet it is not
significant enough to be carried along wherever 1 go, nor do 1 feel a pressing
need to have corner computer booths as we now have telephone booths. Thus its
significance to me is not enough for it to classify as an essential personal
technology. Only technocrats will find it as useful as I do.

There is some question as to whether personal computers are affordable. With
the accessories required to make them practical for a wide range of roles the
cost is certainly over $2,000. This is too much by a factor of at least two.
A realistic system, including sufficient quantities of mass storage (which
stores information and not mass!) and means for making this information
available to the user (such as a screen or a printer) will cost much more than
that. My system, to be practical just for the writing tasks I perform (such
as this article) has a retail cost of about $7300. To be personal it should
cost under $1000.

The system also fails the test of comfort of use and compatibility with the
dictates of personal style and interior decorating. While I could build (and
many have built) a special enclosure to hide it all, the many separate pieces
and their interconnecting cables have a mad scientist air about them. And nmy
computer happens to be one of the neater ones on the market--most are worse.
The computer comes in only one color, a neutral off-white. Again this is
better than many othcers, but even the telephone company offers a choice of
colors and styles for their electronically identical instruments.

Computers arc not comfortable to use. A parallel comes to mind: The first
scientific calculator used a notation called "RPN" (Reverse Polish Notation)
which while truly superior to the way most later calculators operate, does
»reduire a few minutes of thought and practice. As a result, only a small
percentage of calculators use RPN because it was not immediately comfortable.
Similarly, to get the ftull benefit from a computer, and to exploit its
inherent flexibility the user must program it in some form (although many
benefits are available without programming).

Programming, as a human activity, rates with torture in the popularity polls.
As presently constituted programming requires study and practice. The low
proportion of scholars and violinists in our population attests to the
avoidance of study and practice by most people.

It may be possible to provide programmability in a convenient and painless
form, but it has not yet been achieved.

1f a computer is not programmed by the user, then it must be employed via
programs written by someone else. Whether such programs are comfortable to

use depends on the sympathy and insight of the programmer or program designer.
At present, programs more commonly reflect the difficulties encountered in

programming than the real needs of the user: like the spines of a sea urchin,
the awkwardness of most computer systems comes through in spite of many
attempts to make the programs smooth and humanc.

The instructional books provided with .programs (and with most so-called

personal computers) all too often do not provide the cushion they might
against the stiff frames created by the programmers and system designers.
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Thus present personal computers fail the test of comfort as well, and present
owners must put themselves out in order to use them.

The personal computer will come of age when it goes the way of the calculator
or the telcphone, or probably both. It will be small and portable,
affordable, come in many styles, be easy to program when programmability is
desirable, it will have features and software that make its use natural and
convenient for an individual in the multiplicity of functions that each
individual performs. In other words, it will becomec a nearly indespensible
companion like a Swiss Army Knife becomes to certain people, and its owner
will feel a bit helpless when she or he leaves it behind.
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THE MACINTOSH PROJECT
DOCUMENT 23 VERSION O
TITLE: JANUARY 1980 OVERALL SUMMARY OF THE MACINTOSH SYSTEM

AUTHOR: JEF RASKIN
DATE: 12 Jan 80

0. Concept

The purpose of this design is to create a low-cost, portable computer so
useful that its owner misses it when it’s not around--even if its owner isn‘t
a computer freak. [M2, M4, M6, M8, M13]

The notations, such as [MO] refer to existing documents giving further
details.

l. Hardware

Macintosh is intendcd to be a complete, self-contained, portable, personal
computer. It does not have to be attached to anything other than a power
source in order to operate. An optional battery pack will be available.

Macintosh is designed to sell for about $1000 [M5], and will have a disk drive
(with consideration of the possibility of a dual disk drive) and 7 inch CRT.

A lightpen for graphic input is being considered and the computer may contain
a small printer [M15],. Macintosh will have a full alphanumeric keyboard,
without separate numeric pad (an embedded pad will be used instead). If we
have dual disks, they will share drive and head positioning motors. The size
should be about 12 inches wide, l4 inches deep (maximum), and 6 1/2 inches
high. The weight should be under 22 1lbs.

The electronics are conventional but streamlined: a 6809E processor, eight
64K RAMs (no expansion provided), 6845 vidco generator, a modem/DAA, ACIA, and

supporting circuitry, We have not begun to approach the limits of what can be
done with such an architecture.

|
One central concept in the design of the hardware is that the programmers must
have a fixed environment. This will help insure reliable user level programs--
the emphasis in selling Macintosh will not fall on the hardware as much as the
tasks that can be done with it. There must be no hidden "gotcha’s" in the
design (this program works only if you have a super-duper board in slot 3, and
have a jumper from pin 5 of 1IC 56 to your left pinky) ([M6]

The display is bit-mapped, black-and-white, 256 by 256 resolution with a 10 by
10 cm (4.5 inch) display area. A speaker and microphone will be built in,
along with 8-bit D/A and A/D circuitry as necessary. Portability and cost
constraints preclude color--in addition, the software should be compatible
with future display technologies, which are likely to be monochromatic at
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first..
There will be a battery-supported real time clock.

The computer may operate on 12 to 15 VDC, allowing operation from a wall
transformer (minimizing thermal problems as well as simplifying UL approval),
a battery pack, or from an automobile battery.

2. Software

At the user level there will be a combined text editor-data base manager, a
calculator based language, and a disk oriented BASIC.

The text editor is designed to be especially easy to learn and very fast to
use. It is conceptually quite different than existing text editors, and a
demonstration is being prepared. Tests have shown that many simple operations
require one third to one tenth the time (for the operator) when compared to
current Apple-based editors. The same mechanisms that allow the user to
search through and modify text will be designed to allow searchingand
modifying a data base.[M19, M21]

Text is displayed in a proportionai font, allowing an average of 72 characters
per line; there will be at least 24 lines of text.

The calculator based language is, again, extremely casy to learn. It is
designed to sneak the user into programming, and yet provide powerful and
immediate commands without creating programs. It is at the same '"level" as
the text editor and will operate without system commands.[Ml4, M16]

The BASIC should be an ANSI standard BASIC. It will be disk resident.

At the system level will be Pascal and a-macro assembler. The'operating
system, invisible to the user, will be partly based on the concepts found in
the Sara operating system.

3. Network

Macintosh, however nifty its hardware and software, will not sell unless it
does something useful. The number of useful things a personal computer can do
with a network is vastly greater (probably by two orders of magnitude) than
what it can do without a network. Thus the modem/DAA is an essential part of
Macintosh, and Apple must provide, at the very least, hooks into various
informatlon services. [M3, M12] :

4. Manufacturing and Service

The electronics and software of Macintosh, as well as the physical packaging,
are being designed to allow economical manufacturing techniques and ease of

repair. The electronics will be conceptually modular, for example timing will
be done by one circuit instead of being distributed as it is on the Apple 1I.

The elimination of user options will streamline all aspects of the design.

5. Learning to use Macintosh
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It is time to stop thinking exclusively in terms of writing manuals for
computer systems. Manuals are just one means for accomplishing the real goal,
which is to teach the user how to operate the software and hardware. For this
teaching task, we must use whatever media arc most effective within our cost
and time constraints: it is essential to the success of ‘Macintosh that {t

have a level of educational accessories (whether CAl, cassettes or whatever)
beyond even what present Apple products do. A major portion of the effort in
producing software for this product may go into its self-teaching aspects.

6. Personnel

At present Woz is working part-time on Macintosh. The detailed electronic
design and breadboarding is being done by Burrell Smith. A software designer-
programmer will be hired. This team, along with myself and a support person,
will design and produce prototypes of the electronics, first drafts of the
language and hardware manuals and will write the major portion of the
software.

It is expected that these 4 full-time people will be able to carry the project
through the majority of the hardware and software design and execution stages.
The BASIC interpreter or compiler, the industrial designing, the disk and
printer hardware, the analog video and power supply design may require the

aid of engineering people outside the project personnel.

7. Accomplishments to date

The proportional font has been demonstrated; the majority of the electronics '
has been designed and breadboarded; preliminary specifications for the editor
and a portion of the language have been prepared along with the outline and a
few chapters of the user manuals. Much information pertaining to the software
and hardware has been gathered, and many design choices [M2] have been made.

8. Immediate tasks

The following are some major tasks that should be completed in the next few
months.

A. A breadboarded version of the computer will be completed, this should be
done by 20 Feb 80, unless there are excessive delays in obtaining parts
(Smith).

B. The editor portion of the software should be written to be demonstrated by
15 March 80. This also entails a preliminary keyboard design. (Raskin)

C. The UCSD Pascal system should be brought up on the breadboarded
electronics by 1 April 80 (programmer to be hired).

D. A support person should be assigned to the project. Aside from being the
project librarian, this person will do some engineering and research tasks
(e.g. investipate current information services for small computer users).

E. A decision is required from engineering as to what kind of disk drives we

can expect for this project. We prefer a dual disk drive on a single spindle
" using something of the power of our present 16 sector technology.
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THL MACINTOSH PROJECT

DOCUMENI 24 VERSION 1

TITLE: MACINTOSH FONT GENERATING PROGRAM
"AUTHOR: JEF RASKIN

DATE: Dec 79

INTRODUCTION

With this program, on an Apple I1I screen, upper and lower case letters

(an average of 78 characters per line of normal English text) can be displayed.
On the 256 by 256 Macintosh display there will be at least 23 lines of

about 70 characters each, thus giving over 1600 characters on the screen.

}

(*$S+*)
PROGRAM MAKEFONT;

USES TURTLEGRAPHICS;

CONST INTERSPACE=1l; ‘
TALL=1C; (* Height of characters. *)
VERTSPACE=1; (* Pixels between successive lines. %)
LEFT = 12;
RIGHT = 267;
BOTTOM = 0;
TOP = 189;

TYPE BYTE=0..255;
BITMAP=PACKED ARRAY [0.. 9] OF BYTL;
FONTPOINTER="FONT;
FONT=RECORD ~
WIDTHS: ARRAY[O0..127] OF INTEGER;
CHARDATA: ARRAY[0..127) OF BITMAP;
END;

VAR CURRENTFONT: FONTPOINTER;

FUNCTION BINARY(S: STRING):INTEGER;
VAR I,NUM: INTEGER; '
BEGIN ]
NUM:=0; '
FOR I1:=LENGTH(S) DOWNTO 1 DO
BEGIN
NUM: =NUM#*2;
IF S[1)<>° “ THEN NUM:=NUM+l;
END;
BINARY:=NUM;
END;
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PROCEDURE MAKECHAR(ASCII,WIDTH: INTEGER;
s9,s8,57,56,55,54,53,52,51,50: STRING);

BEGIN
WITH CURRENTFONT™ DO
BEGIN
WIDTHS [ASCII) :=WIDTH;
CHARDATA[ASCI1, 9):=BINARY(S9);
CHARDATA [ASCI1, 8]:=BINARY(S8);
CHARDATA [ASCI1, 7]):=BINARY(S7);
CHARDATA [ASCII, 6] :=BINARY(S6);
CHARDATA [ASCII, 5):=BINARY(S5);
CHARDATA (ASCII, 4):=BINARY(S4);
CHARDATA [ASCI1, 3):=BINARY(S3);
CHARDATA [ASCII, 2]:=BINARY(S2);
CHARDATA[ASCII, 1)]:=BINARY(S1);
CHARDATA [ASC11, 0] :=BINARY(SO);
END; ’
END;

PROCEDURE INIT3A;
BEGIN

MAKECHAR( 3,0,7°
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MAKECHAR( 14,0,°°
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MAKECHAR( 16,0,
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MAKECHAR( 32,1,°
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MAKECHAR( 33,1,7@",
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MAKECHAR( 34,3,°

MAKECHAR( 35,5,
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END; (* INIT3A *)

PROCEDURE INIT3B;

BEGIN

- MAKECHAR( 36,5, @',
‘ eee’,
‘eee,
l@ @"’
Id @@a’
4 @@I,
coee,
‘e ee’,
° @ee’,
ce);

MAKECHAR( 37,4,°@e@ @°,

MAKECHAR( 38,5,° @°,

MAKECHAR( 39,1,7@",

MAKECHAR( 40,3,° @°,
4 @I’
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MAKECHAR( 41,3,°@",

END; (* INIT3B *)
PROCEDURE INIT4A;

BEGIN °
MAKECHAR( 42,5,° @°,

MAKECHAR( 43,3,°°,

MAKECHAR( 44,2,7°,
. .
v
.o
e
"’
4 @I'
’ @l.

)
(]
-
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I');
END; (* INIT4A *)
PROCEDURE INIT4B;

BEGIN
MAKECHAR( 45,3,°"

N N
A} -

Y
N

~
A

.
LY

L I T Y
. L) .

.
()
e W W W (DY v v e
(o)
~
-

MAKECHAR( 46,1,°°

L L S N Y
N
Y Ne v v w v e
. w

L]

.
-
ws

MAKECHAR( 47,4,° e,

MAKECHAR( 45,4, @@°,

MAKECHAR( 49,4,° @,
’ @@"
Pl @o’
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END; (* INIT4B *)

PROCEDURE INIT5A;
BEGIN
MAKECHAR( 50,4, ee”,
'@ @I’
cooe,
4 @"
’ ’l’

MAKECHAR( 51,4,7 @e°,

MAKECHAR( 52,4, ’

MAKECHAR( 53,4, @@eC",
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MAKECHAR( 54,4,° @@’,

END; (* INIT5A *)

PROCEDURE INITSB;
BEGIN
MAKECHAR( 55,4, @@@e¢e",
’ e,
e,
e,
@”
@"
@’,
@,

. ~ ~ L . . A} A )
A ) ~
-

~—
-e

MAKECHAR( 56,4,7 @@°,

MAKECHAR( 57,4,° @@,

l@ @r’
‘e e,
© eee,
T,
4 @"
4 @,’
4 @o’

rt);

MAKECHAR( 58,1,°°
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MAKECHAR( 59,2,°°

END; (* INITS5B *)

PROCEDURE INIT6A;
BEGIN
MAKECHAR( 60,4,°°,
’ @"
’ @I’

MAKECHAR( 61,3,°°,

MAKECHAR( 62,4,°°,

MAKECHAR( 63,4,° @@°,
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MAKECHAR( 64,5,

MAKECHAR( 65,4,

END; (* INIT6A *)
PROCEDURE INIT6B;

BEGIN
MAKECHAR( 66, 4,

MAKECHAR( 67,4,

4 @@r’

A A )
. ~

.
~

(=]

(]
MMM MN M
S
% W v v v - -

AJ
~

~

.
SN VDM P D D

-

~

~
~

. A )

~
we

‘eee’,
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MAKECHAR( 68,4,

MAKECHAR( 69,4,

MAKECHAR( 70,4,

END; (* INIT6B *)

PROCEDURE INIT7A;
BEGIN _
MAKLCHAR( 71,4,

MAKECHAR( 72,4,

‘eeee’,
‘e,
T
‘eee’,
r@"
l@l’
e
:@@@@',
)

‘eece’,

. @@"

'@ @"
‘@ e,
‘@ @,
‘eeee’,
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MAKECHAR( 73,3, eee’,

MAKECHAR( 74,4,

MAKECHAR( 75,5,°@ @°,

END; (* INIT7A *)
PROCEDURE INIT7B;

BEGIN ,
MAKECHAR( 76,4,°@°,
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MAKECHAR( 77,7,

MAKECHAR( 78,5,

MAKECHAR( 79,4,

MAKECHAR( 80,4,

END; (* INIT7B

‘e
‘ee
‘ee

e,
ee’,
ee’,

.

ee
ee

N N .
v v w v e e

~

TR DD N
~

‘eee’,
’@ @I’

*)

PROCEDURE ' INIT8A;

BEGIN

MAKECHAR( 81,5,

4 @@I
fc
‘@
‘@
‘@
‘@

S Ne

v w w v e

DM@
A )
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MAKECHAR( 82,4,°@ee",

MAKECHAR( 83,4,° @@°,

MAKECHAR( 84,3, @@@",

L S N K YK Y N SR Y
)
.
-

~

MAKECHAR( 85,4,°

Ry R Y
- - - L J - A J -

-
~

MM MDD
~ ~

.
~

~ .
.
~— v
we ()
by
-

END; (* INITEA *)

PROCEDURE INIT8B;
BEGIN
MAKECHAR( 86,5,°@ @°,
‘e e,
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[RCIRCIRCTR IR I TR

"

©

&
Qo

MAKECHAR( 87,7,°@

e,

MAKECHAR( 89,5,"¢

e e,
‘e e,
cee,

e,

’

END; (* INIT8B *)
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PROCEDURE INITO9A;
BEGIN

MAKECHAR( 91,3,

MAKECHAR( 92,4,

MAKECHAR( 93, 3,

\

MAKECHAR( 94,5,

END; (* INITY9A *)

PROCEDURE INIT9B;

BEGIN
MAKECHAR( 95, 4,

‘eee’,
I@l,
‘e,
e,
'@I,
'@I ’
“gee’,
)
l@' R
l@',

'd @l’
ce,

L4 @I’
4 @l’
rd @l’
4 @l,
)
‘eee’,
4 @I’
4 @l’
4 @I’
’ @l’
’ . @I,
e,
‘eee’,
N

4 @I’
4 @ @I’
'@ @’,
l”
ll);

LN 4

L4

x4

e

[N

v @ w v e
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MAKECHAR( 96,2,°@",

MAKECHAR( 97,3,°°,

.

MAKECHAR( 98,3, "

e,
r@:,
0@"
‘eee’,
I@ @r,
‘e e,
o@ @r’
‘eee’,
tl);
MAKECHAR( 99,3,7",
‘eee”,
l@l’
l@l’
l@l,
‘eee’,
ll);

END; (* INITYB *)
PROCEDURE INIT10A;

"BEGIN
MAKECHAR(100,3,° e@°,
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MAKECHAR(101,3,°",

MAKECHAR(102,3,° @@’,

MAKECHAR(103,3,°°,

~

MAKECHAR (104, 3,”

A )
~

.
.

LR R
@@@g@@@

MMM M v v
- ~ ~ ) ~

v w v w

.
A

l');

END; (* INIT10A #*)
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PROCEDURE INIT10B;

BEGIN

MAKECHAR(105,1,° ",
’@’ ’

o@r’
'@"
O@I’
r@o’
'@"

’
’l);

-

MAKECHAR(1006, 2,

D
.
-

~
. A}

.

~ ~ “ N . . L) . .
~

MMM D
S .
e W e e w e

.
we

.
D

MAKECHAR(107,4,°@",

I@ @l’
I@@’ .
l@ @"
r@ @”
lt);

MAKECHAR (108,1,@",

MAKECHAR(109,5,"°,
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‘eee’,
'l’
)5

END; (* INIT10B *)

PROCEDURE INIT11A;
BEGIN
MAKECHAR(110,3,° ",

MAKECHAR(111,3,”°,

MAKECHAR(112,3,°°,

MAKECHAR(113,3,°°,

MAKECHAR(114,3,°",

e
»
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END;

(* INIT11A *)

PROCEDURE INIT11B;

BEGIN
MAKECHAR(115, 3,

MAKECHAR(116, 2,

'MAKECHAR(117, 2,

MAKECHAR(118, 3,

e
t4

?
?

e,
l@l,
'@l’
'@@l’
'@l,
I@I’
l@l’

r'd @l’
ll’
Il);
I@ @I’
‘e @,
‘e e,
‘e e,
‘@ee’,
..
)

?
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’l);

MAKECHAR(119,5,°°,
L
c@ @"
‘e @e’,
‘eee,
‘e @ e,
4 @ @l’
=
)3

END; (* INIT11B *)

PROCEDURE INITI12A;
BEGIN
MAKECHAR(120,3,°",

x4

L4

?
’ @c
4 @a
4

LY
D D ™ D
[N

@

’
4

~

’
’

MAKECHAR(121,3,°°,

MAKECHAR(122,3,"",

MAKECHAR(123,3,° e°,
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MAKECHAR(124,1,°@°,

END; (* INIT12A *)

PROCEDURE INIT12B;

BEGIN

MAKECHAR(125,3,°@",

L4 @l’
’ @l’
. @:’
4 @"
4 @I,
L4 @"
' @o’
'@c ,

ll);

MAKECHAR(126,5,°°

’

4 @',

‘eee’,
[ 4 @I,
v
L4
X4
L4

[ 4

- - v »

sy,
’

END; (* INITI12B *)

PROCEDURE

BEGIN
INIT3A;
INIT4A;
INITSA;
INIT6A;
INIT7A;
INITBA;
INIT9A;

INITCHARS;

INIT3B;
INIT4B;
INITSB;
INIT6B;
INIT7B;
INIT8B;
INITOB;

INIT10A; INITI1O0B;
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INIT11A; INIT11B;
INIT12A; INIT12B;
END;

PROCEDURE NEWLINE;
BEGIN

MOVETO(LEFT, TURTLEY~(TALL+VERTSPACE) ) ;
END;

PROCEDURE WCHAR2(CH: CHAR);
BEGIN ‘
DRAWBLOCK (CURRENTFONT ™. CHARDATA [ORD (CH) ], 1,0, 0,
CURRENTFONT™. WIDTHS (ORD (CH) ] +INTERSPACE, TALL, TURTLEX, TURTLEY, 5);
IF TURTLEX < (RIGHT - 8)
THEN MOVETO (TURTLEX+CURRENTFONT".WIDTHS [ORD (CH) ) +INTERSPACE, TURTLEY)

ELSE NEWLINE;
END;

PROCEDURE HOME;

BEGIN
MOVETO(LEFT, TOP- (TALL+VERTSPACE) ) ;

END;

PROCEDURE POKE (LOC, VALUE: INTEGER) ;
TYPE WINDOW = PACKED ARRAY[0..0]OF CHAR;
VAR ADDR:INTEGER;
P: "“WINDOW;
BEGIN
ADDR := LOC;
MOVELEFT (ADDR,P,2);
P~[0] := CHR(VALUE);
END; (*POKE*)

PROCEDURE SEND(CH: CHAR);
BEGIN

UNITWRITE (6,CH,1,0,12);
END;

PROCEDURE UNIDIRECTIONAL;
CONST MAXBYTE = 255;
DIRECTION = -12529;
BEGIN
POKE (DIRECTION, MAXBYTE)
END; (* UNIDIRECTIONAL *)

PROCEDURE PRINTPIC;
CONST CQ = 17;
BEGIN
UNIDIRECTIONAL;
SEND (CHR (CQ));(* DISPLAY THE PICTURE *)
END;
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PROCEDURE INTENSITY (DARK:INTEGER);
CONST INTEN = -12528;
BEGIN
IF DARK < O THEN DARK := 0;
IF DARK > 7 THEN DARK := 7;
POKE (INTEN,DARK);
END;

PROCEDURE ECHO;
VAR I:INTEGER;
CH:CHAR;
BEGIN
INITTURTLE;
FILLSCREEN (REVERSE),
HOME;
REPEAT
READ (KEYBOARD,CH);
IF EOLN(KEYBOARD)
THEN
BEGIN
NEWLINE;

WRITELN;
END
ELSE
BEGIN
~ WCHAR2(CH);
WRITE (OUTPUT,CH);
END;
CASE ORD(CH) OF
8:  MOVETO(TURTLEX-2, TURTLEY), (* graphic backspace *)
14: FILLSCREEN (REVERSE);
16: HOME;
102: MOVETO(TURTLEX-1,TURTLEY); (* ligature on lower case "f" %)
END (* OF CASES *)
UNTIL ORD(CH)=3;
intensity (6);
printpic;
TEXTMODE ;
END;

BEGIN (* MAIN PROGRAM *)
NEW (CURRENTFONT) ; -
INITCHARS;

WRITELN;.
WRITELN (‘START TYPING. CTRL-C TO QUIT, CTRL-N FOR BLACK-ON-WHITE.’);
WRITELN ( CTRL-P HOMES, CTRL-H (LEFT ARROW) BACKSPACES GRAPHICALLY.®);
ECHO;

WRITELN;
WRITELN(’TEST COMPLETE’);

END.
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THE MACINTOSH PROJECT ‘J
DOCUMENT 25 VERSION 1 |

TITLE: THE COMPLETELY DISTRIBUTED COMMUNICATIONS NETWORK
AUTHOR: JEF RASKIN

DATE:1$ FEB 1980

0. INTRODUCTION

Previous Macintosh documents have made a case for the establishment of a
communications network as being essential to the large-~ scale sales of
personal computers. This realization is not unique to Apple, of course, but
is being increasingly recognized by many segments of the computing

community. The most important question is: How can Apple establish
communications networks for our customers in a timely and economical fashion?

l. WHAT IS A COMMUNICATIONS NETWORK?

A’ communications network consists of addressors who generate messages and
addressees for whom the messages are intended; and a set of potential pathways.
that join all possible pairs of addressors and addressees. Addressors and
addressees are usually people. Each pefson in the network has both a sender
and a receiver which are devices that effect the generation, transmission and
delivery of messages.

An addressor generates a message, transmits it over a pathway by means of the
sender; an addresee receives the message on the receiver. This formalism

- describes, for example, the familiar telephone communication network. The
usual television and radio "networks' are not communications networks in the
sense being discussed here since they are unidirectional.

We must distinguish, in our communications network, between the sending of a
message, its transmission, and its reception. A message is sent when the
addressor consigns it to the network. The network may have to store the
message until a transmission pathway becomes available. Thus the time at
which a message is sent may not be the same as when it is transmitted. In any
case, the two actions are distinguishable. (We can further distinguish
between the_$ime a message is generated , and the time it is sent.)

’'d
Likewise, at the receiving end, the receiver or addressee might not- be
available. Thus the network (or the receiver) may have to store it. The
time at which a message is transmitted may not be the same as when it is
received. And the time at which it is acquired by the receiver may not be the
same as the time when it is (finally) read by the addressee. Again, in any
cace, the actions of reception and reading differ.
These distinctions .re, of course, not necessary with the usual use of the
telephone network, which may be described as a 'real time" network. One of
the benefits of a non-real-time network is immediately apparent to anyone who
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has had to work across time zones--or who wishes to speak to someone on a
radically different schedule.

In summary, then, the actions are:
\

Generation --> Sending --> Transmission --> Reception --> Reading
The corresponding actors are:
Addressor...s..Sendere¢.....Pathwvayeececes...Receiver......Addressee
1.1 THE ABILITIES OF A NETWORK

The personal computer network must have these abilities:

a. An addressor may, at any time, generate and, at that or any later time
send a message.

b. An addressor may inquire as to whether a message has been read by the
addressee, and possibly inquire as to the exact state of the message (sent or
not, in transmission, received or not, read or not).

c. An addressee may inquire as to the presence of received messages for him
or her, and read any or all of them at will.

2. WHY WE MUST HAVE PERSONAL COMPUTER NETWORKS

It is pretty clear from the amount of activity going on in the field that this
is a "hot'" area. The reason that it is so popular is that there is not much
most individuals can do with a single, isolated computer. Yet, with access to
a number of data bases and message sending and receiving ability, it is
possible to see many uses. of personal computers that are neither esoteric nor
difficult. A previous Macintosh paper discusses this issue.

3. THE COMPLETELY DISTRIBUTED NETWORK

The ordinary telephone network is not distributed at all (from the point of

view of the user). Each telephone has only the ability to passively receive
a message, or to initiate the sending of one. What intelligence the system

has, and its control, resides elsewhere. :

It is useful to define a node as a place on the network where one or more of
message generation, sending, reception, and reading may take place. A node
ma#, as a consequence, perform a switching function--i.e. receiving a message
and then sending it on one or more pathways for whatever reason.

A terminal node has exactly one bi-directional path leading to it.

A distributed system is one where each terminal node has some control, but
where there are non-terminal nodes which can control the flow of information
about the network. These non-terminal nodes may also generate, store, monitor

or act on messages.

In a completely distributed network, all intelligence and control resides
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at terminal nodes.

In the completely dlstributed network being considered here, the terminal
nodes are personal computers, and the pathways are ordinary telephone lines.

4. HOW THIS COMPLETELY DISTRIBUTED NETWORK OPERATES

The terminal node for each person is a computer. When an addressor sends a
message his or her computer stores it. The message contains the '"address" of
the addressee, which in this case is probably the addressee’s telephone
number. The computer (as soon as it can) attempts to dial the addressee’s
phone. It can recognize whether or not the phone is answered by the
addressee’s computer. If it is not properly answered, it tries again after a
certain delay (there are reasons for making the delay a constant plus a random
time). It will continue making these attempts until the message is received
and acknowledged--or until the message is deleted from the list of messages
waiting to be sent by the addressor. '

Since the computer has a real-time clock, it can be instructed to wait until
low night telephone rates are in effect (or until some other condition is met)
before it transmits messages.

At the receiving end, the computer, when an incoming call arrives, determines
whether it is a computer call or a human call. 1If it is a human call, it
allows the telephone bell to ring, and ignores the call thereafter. If it is
a computer call, it stores the message, and sends out the acknowledgement
message. If it has been instructed to do so, it will display the message as
it arrives, if not, it will store it until the addressee wishes to see it.

4.1 SOME PROBLEMS WITH A COMPLETELY DISTRIBUTED NETWORK

If a message is sent, but the receiving computer is not attached, a person on
the receiving end may answer the phone and discover a tone. If the receiver
is available, there should be enough time allowed to plug it in, but if not,
the call will be wasted. This is a definite problem with a completely
distributed network given current phone tariffs and technology.

A broadside (a message to many addressees) can be sent by having a file of
many telephone numbers, all of which are sent the same message. But it is in
the area of dealing with classes of users that the completely distributed
system is weakest compared to a partially distributed system. For example, if
a person wanted to correspond with all others interested 1in, sa&, butterfly-
collecting, it would be relatively easy for a central computer to put out such
a flotice--since it would have the addresses of all users. In a completely
distributed system it would take many fruitless calls to try to find these
users.

On the other hand, the completely distributed network assures a great degree
of privacy to the individuals involved.

. message may t - ‘orwarded by merely indicating to the addressee that it is to

be forwarded. 1 suspect that any automatic forwarding scheme will unduly
raise the hackles of the phone company.
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5. SECURITY

€ arity is not a vesponsibility of the network, but of the individual users
o1 the network. ..l users of the network must assume that transmissions

are public. Therefore, a user wishing to make a secure communication must
take responsibility for encryption and subsequent decoding by the addressee.

This shifts the burden of privacy away from the network itself. It might be
observed that securitv software is a salable commodity.

6. LEGAL AND REGULATORY PROBLEMS

The use of computers over the telephone network poses a number of problems for
the telephone company. As discussed in a earlier Macintosh document, the
useage statistics are skewed when computers talk to eachother. 1In addition,
some time-slice methods now in use for compressing many conversations into a
single broadband channel may play havoc with schemes for getting greater
transmission speeds (in excess of 300 baud) between terminal nodes. There may
even be difficulty at 300 baud. ,

Aside from any genuine difficulties that a computer communications network may
cause the telephone system, we must be concerned with the possibility of their
attempting to derive added revenues whenever digital communications are used.
This, too, was discussed in document M3, to which you are referred.

There are path&ays other than the telephone system, but they may not be in
place quickly enough for our present needs. '

7. DATA BASES

A data base may be considered a "person" who is the addressee of requests for
information, and who responds by sending messages consisting of the desired
information. No new network protocol is required--but the form of messages
received by the data base will have to be carefully contrived.

Companies that provide data bases may also provide message services. The use
of data bases is discussed in M3, which includes a list of applications as
well as possible vendors. '

8. THE REQUIRED INFORMATION EACH MESSAGE CONTAINS

A protocol will have to be established so that messages contain sufficient
information to keep the network in operation. For example:

a. Date and time sent.

b. Addressor

c. Addressee (which may be a class)

d. items a, b and ¢ of the message beipg responded to (if any).

The questions of protocols, both electronic as well aé interpersonal have been

"widely discussed. A planned (but not yet promised) Macintosh document may
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cover this in greater detail. 1In the meantime, a model based on the PCNET (P.
0. Box E, Menlo Park, CA 94025) protocols or the Arpanet heading conventions
may be kept in mind (See The Network Nation by Hiltz and Turoff).
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