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Thﬂs paper is intended to communicate with both management and programmers.

On neither side is the system's practicability assured. Everything described

here is possible and, I think, desirable. Whether it is feasible, that is,

{ /

possible for a reasonable price, is not yet clear. How much of the system

desciibed can be implemented on contemplated equipment is hard to tell.
i

P

Matters of programming cost and time inconvenience to the user may prove to
! .
be restricting.

These are some remarks about the XANADU system, a proposed setup for

bandling a large number of corporate and creative functions on a computer with

display screens and a rich file handling capacity. All that is said here will
be tentative thought and ideas on how such a thing should work. The XANADU

system is supposed to be a general-purpose, highly flexible information °

~handling system for the entire firm, especially suited to experimenting and

easy usage. This paper presents design remarks on this master program, and
a ticklish job this designing is, too; since it is the executive and editorial
staff at Harcourt, Brace & World who must live with it and like it.
This‘is hard work. It is hard, not becéuse there is a certain exact
way to do everything, butfbecause—- to be candid-- it can be done in any

number of different ways, and the many options are constrained only slightly

v by technical bounds. We could choose to pretend that 'the computer' requires

a certain mode of operation, eveﬁ a particular posture, of the editor who will
use it; but this would be a falsehood. With certain exceptions, it will do
practically any darned thing an editor might waﬁt, if we are prepared to devote,
sacrifice or subordinate this or that feature of the machine to the_da;ned thing

we want done.
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Very well. The system we want to put up will-be sophisticated (its

fancy féatures will appeal to the most arcane); general (by making little
1

'

arrangements ‘this way and that you can make it do service in many different
H .

guises and stances; useful, so that its features are relevant to the comparisons

and vanéages you need it for; and pleasant, aesthetically attractive, simple,

.
'

!
fleeT, and fun.
ﬁThe basic idea is to build one system so thorough and general that every
text-handling application we can now think of will operate through it. This

means that its underlying structure will be all the more anomalous, and unlike

any other systems in this area.

Although it is being designed around a very small machine, it is intended

to be one of the most powerful text-handling facilities in the world. The
general idea is this: the system is meant to be typewriter, filing cabinet,

and manuscript, and simulated printed page, all at once. As such, it will

_ not only make the editorial updating of ordinary texts much quicker, but it

must also provide information facilities crafted according to particular kinds
of - needs.

On this unusual facility any conceivable workspace, file discipline, or
information structure may be created, and modifiedgat will; no fixed ways of
workiﬁg will exist, excepé as available options. The set of text and file
commands will not be an alphanumeric language unless desired by the user.

The system will thus be of use for any mind-aiding process that uses text,
symbols and connections.,

The basic idea is to build an information-handling system to hold, display,
mwodify, rummage through, and rearrange text ana ideas. Unlike any other

system that ever has been, this one's intent is to meet the user more than

halfway, scrupulously avoiding the interposing distrections of user-burdening
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computer : languages, special characters, symbolic order codes and the like.
Moreoveri it !ill be reconfigurable for different purposes: the user may
define t# the system the types and interconnection types of his information,
|

the way he wants it displayed, the actions of the.system, and the way they

are to

bé ch?sen. Typically he may define choicepoints as 'virtual pushﬁuttons"
on the scree;, and have them replaced by real pushbuttons, for féster work,
when be is sure how he wants to work. ' _ ' »
k unique part of the design of this system will be the assumption that

our information does not typically come in strings, as is supposed, but is

deeply and widely interconnected. Provision for every kind of interconnection

must rherefore exist, and "ordinary" text will be treated as a trivial case.
Thus the system will provide for the creation of annotations, spinoff versions,
linked alternative versions, and general hypertexts. (Hard éépy will be
swiftly available from a line printer.)

Nothing will be réstricted in length. Input strings, sentences, chapters,
and even titles may go on and on and on. This philosophy of non-restriction
é;tends throughout the system 1n various ways.

As presently conceived, this system shopld go far beyond any existing
on-line text systems in its flexibility and power.o Editorial usage should
be oniy one poésible application; the intent in the design phase is to work
out a generality that can be turned to many different purposes.

With all this in mind, I ask you to consider the following setup. These
features will not satisfy any use in particular; rather, each user may adjust
the settings for his own appiication, and thus we may configure it for many
particular uses.

The present design is general-purpose-- indeed, its applicability is so

-~ -

general that from its raw structure it might not be evident that this is to



have anything to do with publishing at all, let élgne its initial assignments.
That is because it mustlbe designed in primitive forms that can be tailored
to any specific needs, and these of necessity need to be so general that any
tie to specific applications can be established later.

The screen may be thought of as a telescope of the viewfinder of a

camera, and we can zéom it to any place in a text, or text compléx, that

we Qant fgrlook. But the importance of thé de&ice is in its ébiilé;rgg‘Bfiﬁé
.ﬁswiftlyftogether materials that need to be put together, or seen together.

Not just what is sitting on the screen at a given moment, but alsc the things

that are lurking in the wings, standing by or momentarily displaced, constitute

the user's workspace.

The system as presently conceived will allow the user to define the

__types of infpfmggiqn he will deal with, and how it will lurk, move and

reply to his actions, It is as though he might design his own special sheet

of paper,)with little doors, fold-outs and overlays.

It whould not be supposed by the reader that this description is a

statement of what computers "can' and “cannot' do. Rather, this is the
~design of the system which may be implemented on a computer, and we intend
to circumvent the computer's traditional modes of operation, rather than defer

to them.

As presently conceived, the system would be simple to operate, easy to
| , .
learn,\and easily taught and adapted to any person and purpose in the company

that is given it to use.
Exoaxkhexpeingxofrvisnxeixiharsrakentsxasiusixdusigny « ARKR YR XS REANERE
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_”andAreArranging test items and accessing information about the file, Xanadu will
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kind% of work have provisionally been assigned to this system.

| i .

Ordinary editing. Little need be said gbout this; it seems likely that
I : .

|
H

employing ihe console, considerable time can be saved in the preparation of

ordinary Books for printing.

~—-“Test editing; test -data bank. -For editing tests, both in terms of revising

7

»

probabl& be more useful than any apaer filing system, The same items on different

i
¢

version% of;the same test, statistical data on their use, could all be filed in

ways péLmitting swift access to corresponding units.. Moreover, since the Xanadu
structure would permit gxtensive cross«iﬁdexiné and categorization; it could be

used fo; ;he creation and maintenance of a test item file, whose parts could

be selected from and rearranged with ease according to all sorts of different

‘criteria.

Print-and-Bind Orders, One of the more difficult managerial problems in
éublishing is tha£ governing orders fo the printers and bindery: relevént con-
siderations include predicting demand for the finished books, the apparent prob~

-
ability of demands exceeding the print order, the storage costs of incomplete
material, and finally the schedules of the printers and binderies to be pat-
ronized, Az rhesexaiifarantxoxnsxeointarm s kdxbamsinexinzdxin Infor-
mation on all these differént circumstances could be made available for thought-
ful perusal for'the decision maker; they would be arranged in a Workspace that =

connected each type of information to the things it bore on.

Simulation of 1500 . There is some indication that the IBM 1500 Instructional

System may become an influential systme around the country in the neft five years.
While it may not be worth our while to obtain such a sysqﬁg)now, it may be worth
our while nonethless to try preparing materials for it., Under Xapadu, it will

be possible to simulate the IBM 1500, and create materials for it, without having
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one,

Amo% the other possible applications of this system are the editing of

books, thé design of highly compleX non-book materials for publication, the fac-

jlitation of collaborative work between author and editor, experimental type--

J
AND
did aiding management in comprehending

1

settini and making of animated movies,

banks of data., Perhaps most importantly, the system should help .

comple

shorten the time required to get critical jobs to press.



From the point of view of the system's actual design, however, these

particular subjects and facts are unimportant. The parts that have to be

designed into the system are more like the following:

1.

Text editing. Contained texts may be modified swiftly with such
instructions as "insert,! 'delete,’ "move," 'copy."

User-defined file structure. The user may define his own information

types and links, and the way the machine will move and handle them.

.These may range from an outline form to multi-part linked units.-

»

~ User-defined workspaces and file disciplines. The user may define

such abstract working arrangements as push-down stacks, temporary
hstdtg holding spaces, ''folders,'" indexes, and windows into his
file. He may even specify overall file dlSClpllneS that the system
will thereafter hold him to.

User-defined screen formats. The user may ‘carve' the screen into
separate areas where his files and workspaces will appear.

User-defined branching actions. The user may arrange interchange

between various presentations by drawing branch graphs, and specifying

"the conditions under which the machine is to branch; these may include

throttle, pushbuttons or screen pointing. This branch-~defining technique
may be used either for creating work-systems or for defining hypertexts.

H
]

User-specified pxemsgmax presentation modes. The user may have text

segments or streams presented as frames, drum rolls, and streamers;
and specify which are to blink, how brightly, and when.

Continual Modifiability. The system a person is using may be modified

ad 1ib.

Reversible processes. Both text and wodificat ion commands may be
stored in such a way that changes can be undone as far back as
records are kept.

Evoluticnary teXt ceneration. Alternatlve versions may be ~spun off,

"and linked to each other so that their correspondlnO parts may be

compared.

Complex indexing. The system will have a complex indexing ability
for either straight text complexes, permitting the creation of any
number of indexes for a given body of information, from which the
user may immediately jump to the information being indexed. This
indexing facility permits the use of lists or texts to index one
another, so that, the user may proceed to a corresponding part in
the other text or listing. This may be regarded as "backwards"

and "forwards"indexiﬁg, but that implies a priority which may not
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necessarily exist in the material.

l

Search.
user may look for the occurrences of specific words and phrases,

. tally them, index them, process them, etc.

|
Alternative drafts. The system will also have the ability to store
a

lte?native drafts of either straight text or text complexes.

There will also be a word search facility, with which the

-Complex Connective Structures. Such connective facilities as
super-footnoting, the ability to attach text chunks to an ordinary
text and have them available under many different categories;

"paraliel texts, where ordinary texts are linked side by side so .

that they may be compared or their relations noted; array formats,
where other types of information may be stored in matrices and
graph structures; and a cross-jumpfing facility, enabling the user
to jump from a given part of the text to any linked part of the

text.

Arrange and Printouk. The system will be able to sort and arrange
the materials it contains, and produce printed reports on demand,

- even interactively with a user. This will make possible catalogues

concerdances, quick indexes and annotated manuscripts with some -
swiftness.
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The Xanadu facility is meant to £il1l all these technical needs, and
yet £ill human needs as well. It is intended to be operated on an

I
t
|
!
!open;shdp basis for whatever purposes the company selects. "Open shop"
!
i

means that the user will handle and direct the machine personally.

. This means that its elementary operation must be learnable in a very

2

B , o - ,
short time (a few minutes), and that it must be appealing to users.

Indeed, the sytem must -go out of its way to be appealing to users.
It is safe to assume that persons of literaryér editorial background

will be among the most cantankerous customers ever to deal with a

and litterateur it is the machine that must bow. All traditions of

computer usage will be swept aside, in deference to the user's sensitvity

about‘punctuation, capital letters, type fonts, and his presumable
distaste for gratuitous numberé, and the arbitrary assignment of
~ordinary letters to strange new meanings. Our new conventions‘will
be tasteful even to bookmen; but even these of-communication between
the uer and the system will be subject to revision or redesign, in
order to please the user or speed them up to his desires.

| By the same token, the system'svoperaﬁion, phyiical plant, and
surroundings mugt be designed for the user's comfort, and the facility
shouid go out of its way to create communication facilities desired
by particular users-- for instance, pushbuttons labelled, arranged
and illuminated in a specific way because a user says he negds them,
or a little "beep'" respcnding to his actions.

Customized hardware may be fitted into a standardized comsole.

That is, the. overall response characteristics of the console are given,

-8
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.V“mylt subsumes INFOL, the information retrieval language developed by

|

£§t~users may requést customized hardware sucﬁ as special pushbuttons

or pointing devices to readily communicate with a standardized interface.
While the system will be unlike any in existence today, it has

manylrelatlves. It is expected to have mapy>of the goéd features of

|
I
i
f
'
1
!
i
¢
I
I
i
!

_hEngelbart s AHI system, SDC's SURF system, and Licklider's SYMBIONT.

Olle at the Control Data Corporation, which is particularly concerned
with the categorizatibﬁ and ordering of informational chunks, and’
their coding, as well as DOL, the Document Oriented Language, proposed
by MandalayAGrems of Univac. |
In addition, it subsumes in general function a large number 6f the
kinds éf wérk with texté now being coﬁducted in scholarly settings:
As a fair indicatioﬁ Qf this, we may consider the coﬁputef programs

announced as available in the second issue of Computers and the Humanities.

(0f the 51 programs listé@ about 27 have their general functions included
inrthié system.)

The system as fﬁesently designed will have one feature not
currently available in any information system anywhere: the provision
for the spin-off of alternative'arrangeme?ts and drafts of anything}
for their gradual shaping and the postponement of finél\deciding'

between them.



i

XANADU FOR BEGINNERS

At the beginning level, the Xanadu system is first encountered as a

micukingminxe screen upon which any part of the text may be shown, in both upper
_and_lower case and with some quality of image, and where the user may perform
_editorial operation; upon the text swiftly and with éase; These operations
correspsnd to the conventional operations employed by‘arproofreadef, such

as the!deletion of materiai, the insertion ot new material (which may be typed
in on a keyboard), the moving of sections around the page (6rdinarily signaled
by a long horizontai'curlicue), aﬁd the divisioﬁ of the material into lines

and pages.

In ofher Qords, at the beginning level,vthe uéer ﬁill‘have h;idly aﬁything
at all to learﬁ. The standard editorial operation, or whatever operations
exist within a given workspace; will'bereasy to learn. These functions will
be iﬁiﬁi;ted by manipﬁlating pushbuttons or "virtual éushkpﬁttons" (glowing
spots on the screen with 1abélé as to their meanings). The beginnégg on
ffhe Xanadu system will also have the opportunity of working through these
particular work spaces and file disciplines. The basic editorial operations can be .
learned in minutes; the functioning of a given workspace in‘perhaps half an

hour.
ADVANEED XANADU

While Xanadu at the beginner's level is ratherx like an extremely fancy
piecé of paper, advanced Xanadu permits the user to create, as it were,
vast information structures hanging in space, connected any which way. The
arrangements and facilities available at the advanced level (tentatively

called "the Works"), will enable the user to determine the availlability .



and ﬁénipulations upon information, including texts. The” advanced user may
define information types and create Branching structures of response.
The advanced user deéls with items, relation and clusters., ﬁe méy
;reate new entities composed of these objects, and he may direct the machine
. ~to create new functions, ways the machine will automatically operate upbn
~~~~—Mdata~stored in the various formats described.‘ He may define them generally,

_in_terms of types of information énd types of choices points, or specifically,
Acreating a hypertext, ’
jTgé—aévaneeé—asef—éeals—wieh;items;-relatieas—an
At this level the user will be able.eitherrto create complex or compound
text structures (hyperteﬁts), or himself to create eemplex-eor-eempound-text
struetures-f{hypertexts)y-e workspaces for particular uses, arranging choices
and carving screen formats arbitrarily according to his bwn designs,
" By "workspace" is meant some arrangément or division of the screen,
some p§r£icular way of having givén informational matériais staﬁ&.ﬁy,-some
par;ictlar ways of arranging information of a given kind that will be téken
~ as standard for a given purpose, and whose consistent use the system will
enforce. He may create arrangements of particular information within these
information types, choice points (and spécifications of how the choice is
to be made -~ whether by push buttons, virtual push buttbns, or other means),
arbirary screen formats ("carving'" the screen into séparaterseétors, not
necéssarily rectilinear), and functions -- collections of operations upon
{
inférmation and information types made available within the Works, which
he wants to accrete into compound actions that may be selected or called
arbitrarily.
| This advanced language, too, will be made no harder to use than necesséry;
Although the machinery underneath which is to implement these fuﬁctions may
bé technically called a computing "language,” in thejuser’s encounter with it

there is little vocabulary or syntax to learn; as much as possible is

de

[

relegated to screen pointing, virtual push buttens, and discursive explanations

iz
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-aﬁailable through the screen.
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XANADU FOR TINKERERS

{

|

i

| Advanced Xanadu operates within the system program, the "Works,"
Below that level, it will be possible to add to the system in machine-

language coding and programs compiled by Fortré& or other compilers. While

- . S -

iﬁis addition willrpresumable-ge a contiééﬁfﬁaspect of the system's
7§dminiétration,'obviouéiy'feﬁ persons may be allowed tb tinker in this
ﬁanner. However, the design of the system should be such that additional
nctions for particular purposes (or to speed pafticular operations) should
)e easily addable.within a user language. This is the Advanced level.
We may think of Xanadu as making possiblé "setups'" for different
purposes, Someone we may call a "designer" creates information types, functions
and restrictions that are passed on to the user at a lower level, However,
‘the user is permitted all the facilities that the previous designer has
not forbidden to him. He too may now act as a designer, configuring or

restricting the system that is vaiable to the next man below him. In this

system the hierarchy of users is to be a matter of degree, and flexible,



" and work disciplines.
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?OME DETAILS OF THE PROGRAM FACILITIES AVAILABLE

B

These design functions are accomplished by the user in a user display

language which permits ready control over the creation of files, interconnection

of presentations, the making of screen formats, the creation of custom workspaces

5

The user may declare his information types freely, creating as many
- ] - . -
different types of information as he wishes. The types of information need

never

be in coded or truncated form to the user at the screen, however, since
any Q rkspace can be directed to digsplay (or have ready) full titleg and
explanations of anything. . .

Fhe designer may declare his relations and connectors freely, again using
as many connector types as he wishes. The meaning of these connectors may be
assigned by the user, and it may be changed.rAny possible arrangement of

.disc:ete information-- strings, vectors, arrays, trees, or graphs-- .may be
created, stored and displayed. (We may regard ordinary "straight' text--
ordinary paragraphs and chapters-- a; being simply a special case of infcrmatién'
which does not ;equire this apparatus. But the system canﬁot be designgd around
this exception.) ’

On the most general level, we may regard this system as permitting the

) designing user-- the user with permission to create things in the "advanced

level® user language-- to create a number of different things.

1. He may have compound displays, wherein several different parts-of

the text file may be brought to different segments of the screen
at the same time.

2. He may create workspaces, that is, systems for the coming and
' going of different informetion types under specific circumstances,
and responding in particular ways to what he does.



3. He may create work and file digciplines, that is, enforced
procedures of working and filing.

4. He may create hypertexts, that is, structures of text passages
with branches among them, that the user may traverse freely
(or with restrictions).

5. He may even create hyper-workspaces. By 'hyper-workspace' I
mean multi-dimensional workspaces in which hypertexts and their
- - - ———ariants-and their indexes may be- handled and compared. T

.w"J“_W“_Thefdesignerﬁmay.leave options toathe_lowerelevel user; for instance,
the abil}ty to>rearrange screen formats. Thé degree to which the early commands
for a given setup restrict the later user are at.the earlier designer's option.
The"language” of the system at this"advanced" levei by Wh?ch these things are
accomplished, will not use code~words or letter mnemonics, but rather-- as a

| matter of litergqy and perspicuity-- whole phpases and arrows. The designer
will be able to employ graph structure input, that is, the @rawing of arrows
-on the screen, not merely for choice points among specific text material to‘
be read in h&bertext form, but also among chéice points to be’made‘available

in his owﬁ”facility or file discipline, and among all parts of the workspace
V‘\\\\qyich he -is creating. Various other spatial mnemonics may be employed for
swiftly arranging components snd statements of the user language.

The designer may create screen formats, Ycarving" the screen into sections
of any rectilinear shape. These sections may hold static information, moving
scrolls, linked information that may come up, temporary memoranda; or ény
other»%ata that may be defined within the setup. Such formats may be regarded
as %ompbund displays that draw materials from various parts of the contained
file. (This may involve manipulating multiple pointers throughout the file,
keeping track of the beglnnlnos, ends and various other information about
pieces of text garnered from all over the mass memory.} The designer may direct
the system to jump from cne display format to another om branching structures of

his own design.
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The! choices and branches within a setup may be presented to the user

'
H

1 :
as "virtual pushbuttons,' which the user touches with a light pen or other
; ! . : : :

! H 3 >
pointing/ device. (However, when setups, workspaces, and operating conventions
| . ‘
are sufficiently well-defined and accepted by usetrs, these virtual pushbuttons
may be commuted to a set of real pushbuttons in order to speed up interaction

with' the computer )
“—m“"%The system will have features’ correspondlng to the usual proofreader s
ma:k%ﬂfor test editing-- such as insert, delete, move. In addition to these
conventional operations,'operations which have been found useful in other
systems are also included. One of these is the 'copy™ operation, which
allojsa word or a phrase to be simplyfcopied from one place on the screen
to another place on the screen. Anofher of these is the "hop-to-link" operation,
which permits the easy connection of materials in a simple text so that it
is fairly easy to find all the parts which nged to be related and understqod
together by the user. (All these functions are borrowed from Engelbart.)

A number of display modes will be available immediatély to the designer.
This includes blinking (any part of the text, the specific words, and so on
may be made to blink), "scrolling," where an area of text may be moved up and
down beneath a "window" on the screen. 'Stréamersﬁ will also be possible:

single lines of text emerging from some point in the screen and sliding

leftward like the headlines going around the New York Times Building. Such

moving displays may be put under a throttle control.cﬁTwo or three different
type faces will be available routinely. However, memory space restricts this
somewhat. Presumably the usual_faces available will be regular, italic and
bold. HoweQer, foreign languages, (éspecially.Russian), and mathematical
notations will be available from the ‘disk; albeit after avéextain deléy, New

type faces or special characters way be entered into the system as dot matrices,

and used in text display thereafter.

A
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Thé user will be able to request justified columns or unjustified
i i

|
columns ;

{

specifiéd for each separate typeface. (The routine lookup facility should
|

in displays or printouts; these would be calculated from input widths

permit éhe input of numbers specifying the width of actual typefaces. This
will pe#mitrthe system to calculate justified lines, assuming th%t the width
of i%s physical type slugs are known. (it ié not necessary for this éﬁfpése
actuilly to change the typeface on the screen from one Latin upper;lowér R
alph;bet to another.)

|There will also be provision in the system for the use:of “literél"
matedial, i.e., pictorial matter'storeg as a gystem ofrinstructions for the
displlay. A reduction routine,with adjuétable resolution, will translate
light-pen or Grafacon input’into straight~line segments. Larger two-dimensional
pictures may be entered by light pen and modified, later to Ee retrieved through
normal file branching. It will be possible to enlarge or shrink these graphic
images,‘rotate them, aﬁd Y'earve' their sections or parts (to'save, discard or
combine) in much the same way that words and phrases may be excised and moved.
This facility will be of use for the preparation of filwstrips and other
graphics layouts, as well as experimentation with typogréphy and direct-to-proof
oquut. =

bertain automatic coﬁnting, numbering and limiting facilities will also

exist, permitting the system to count the number of words in a document, count
specific words, show linés on the screen (or print lines on the printer) which
are of certain length, number the pages of printout, count the appearances of
specific words, and so on. The same word-limitation or size-limitation facility
méy also be used to restrict word counts or ch;récter counts under specific
file disciplines (for example, in the imitation of commercially évailable

systems for computer-assisted instruction).
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order, and (when such items constitute one *type" of information

em will also be able to put items in numerical order and

i

|

I i
linked to various others), permit the printout, in.catalog form, of all the

1
!
1

alphabetical
! .

linked material. This will permit the creation of indices, catalogs, and

80 on. The system may perform word and phrase search within a file, presenting

or pﬁinting out various kinds of information-- such as distances between

| ,
occurrences of specific words-- as required. Indeed, this searching may

take{place;independentAof capitalization of words, italics, bold face, etc.

(Indﬁed, it is intended that the system shall even be able td find words despite
“what %e may call Salinger underlining or italiecs, in which a part of the word
is ithlicized wﬁile the rest of the word is not.)

&hére will be a facility for "don't care' searches: searches for words
and phrases some of whose components are not considered. Whéther these
"don't care'" fields may be of variable length is not yet clear.

The faéility will exist for a-breakthrough to Fortran, éermitting the
writing of numerical programs through the facilities suébiied ordinarily with
the computer. This will be of use for statistical énalyses, mathematical.
evaluations; and so on, as required. 'However, thi§ particular faciiitj Wiili
not bg adapted to +®= swift change in numerical programs. If that is desired,
it is!possible.to lease for the PDP-8 ADR's ESI language, a variant of the
Rand Corporation's JOSS System, which permits immediate response by the computer
to all sorts of numerical éueries of réther high complexity. This is an
interpretive system which would reside on the disk.

The system will also be able to turn things on and off---a "ding~dong™®

facility-- and this control will be accessible to the user at the setup design

level. (This ding-dong facility may be combined with the simple graphic routines,
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for instance, to create rﬁdimentary‘animated films»without additional

" programming. An animation artist could create simple shapes, move them
between frames.and change ﬁheir sizes; and the méchine would take all the
pictures when so directed.

There are a few more odds and ends of peculiar features. Within a

’

 sufficiently dense”cbnﬁéétof“structﬁré;:it'ﬁéiﬂwéll become necessary for
'~v~-“—~~——“prioritigs"tO'bE"established”among“the“varioﬁs”fésponse“times of the things
~ the user wants. (It may be possible to specify priorities of connectivity
which éré to have relative priority, by drawing "i$o4connective“ gradients
-upen a rough map (planar graph) of his file in much the way that areas of
equal temperature and pressure may be drawn on a weather map.)

It will be possible to use what may be called "detachable relations,"
or, more precisely, the detachmeﬁt Qf the ;elatiOnsﬂamongjitemS'or chunks, of
texts ;nd the creation of new reiétions_aﬁéﬁg.all those same iteﬁs;r<An
example migh£ be the following: suppose a,ﬁoyelist, trying to establish a
chronologié;i s;quence among events in a novel, takes all the single events

_ .
V\in pairs, and says, 'This comes before that" for a large numbe: of such pairs.
He may then ask the system to show him the sequence he has created. However,
the system may ;heniinfOrm him that he has not created a consistent sequence.

Rather than be constrained to remove some of the paired relations he has

established, he may redefine the relation, perhaps as "lattice of flashbacks".)
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THE éNATOMY AND MECHANISMS OF XANADU

?he system program, oOr augmented‘operating system, is intended

{

|
i
|
1}
|
|
| .
jto take care of all the functions and activities that have been
!

‘described above.

'

{This system program is to handle many func tions concurrently.
Theée include 1) arranging and maintaining the file of documents
in the system in és_eiaborate a‘connectiVe structure as desired,and
modifying the file as required; 2) maintaining and modifying the
display§ 3) she handling of other input and output. (Whether the
Vlatfer twé funcﬁions should be handled by a common report generéfor
isran>ihteresting queséion.)

This systém has essentially two kinds of out put, These we may

call fixed seﬁuential output, the continual output of chaﬁging materials

which havébbeen preparéd in advance; and fespon#ive Branching output,
fhe oﬁtput of materials and diéplays which are subject to continual
chénge>acéofding to tﬁe”décisions ofrthelﬁsgr. Thé'fofmef-is:fér the
line printer and such activities as yideo typesetting; the latterris
the continuing function of the display/file subsystgm.

It is intended that these two forms of aéfivity, with their
diffe;ént output rates, may be interlegved by the system for efficient
ﬁtilié&tionlof tﬁé whoie.

We may perhéps think of the Xanédu system'prograﬁ as having tﬁree
parts: the part tgat communicates with the user through thE'creation'
of displays on the screen and the decoéing'of meséages from him; the

 part that makes note of all the connections within-the file; and. the '
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{par; that operates on the file and rearranges it, These program parts
i N -

|- .
;may with justice be called Sexus, Nexus and Plexus.

. |

l &here are many different possible designs for the inner structure
l : ' ’

of such a system program. In principle the system program should have

. an inner core which is as simple as possible/for the sake of cost and

7

fel&ability; but this is a mattef of prégramming élegance rather than
 apparent complexity of what the machine does. We may think of this
inner core-as a sort of pepper grinder: the simpler the motions involved,
the léss there is that c#n g0 wrong.

The conventional way to design such a pfogram is to figure out all

Vthe differeﬁt>sections that afe needed, then map out all the transitions
that must take plgce among them, The more elegant apprbach seeks to
create a compact central mechanism to handle all these arrangements

and transitions; We might draw a cpméarison beﬁween a banquet table.
at whiﬁh fhe participaﬁts specificaliy request ail the different

dishes¢ ffom each other as individuals,vand‘one where all helpings are

taken from a lazy susan.qﬂThere must be underlying, primitive functions

or operations which the ﬁser may assemble and configure to do the

things that have been described. The selection of such'primitives is

a matter of judgﬁent, with some arbitrary aspects. ‘The intent is to
~choose operations which will allow all tﬁerintended purposes and then

some. However, they should not require that the user concern himself

with features that can be handled automatically -(such as arranging

text on the disk) or may contain hidden dangefs (such as allowing

the grdinaty user to write @gchine codé),

1t is anticipaﬁed tﬁat thé'primifive functioﬁs-will be popéernedvr

with the establishment of relations and file connections, the creating
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[bf output lists, the manipulation of pointers to and from disk, core
and screen (actually screen buffers in core), the traversing of graph

|
|
]
|
! .
[ structures and the comparison of items, and the analyzing of relational
o |
+ clusters that may occur.

ri :So will user manipulations and modifications. Under/ordinary
éirLumstances é text or file may be stored as original input,glg§
(and minus) charges, available in sequence (and even with time-of,'
day, if needed). While the updated working file will be organized
more efficiently, it will be possible to look at earlier materiéls by

peeling off charge operations (or perhaps re-assembling up to a

-certain charge level). Such reconstituted prior-versions-may serve

as raw material for spin-offs.
Ihis system will have cgrtain peculiar operations and functiéns
which deserve special mention.

VVFirSt of these is what we may,éali the "reﬁresenfétibﬁ fun;tion."
This function declares-that the separate members of one cluster of
units -- such as a list, collection or network structure -- is con-
nected, unit-by-unit, to some or all the members of another cluster.
This second cluster may or may not ﬁave the same number of elements as
the first, . Its éaired elements may be in different order; and there
may nbt as yét be any'bésié for pairing the members éf the respective
clﬁsters which are to be associated, The second cluster may not even
exist yet.

This "representatiqn" function is intended to be a basic method
for all iqdexing, for adding new information types to the file, for
creating~footnotes, and for keeping track—of‘relations‘aﬁoﬁg geﬁarate

versions.

2 c.
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A second specialized and important function we may call the
"spin-off" function. This permits the creation of Véeparate" versions
of a document, hypertext or workspace. Thesé.may be independently
modified and rearranged, but will remain connected partffor-paft to
the original for comparison.

Whether the representation and spin-off functions should be coded

‘at the machine level, or as compounds in the user language, remains to

fbe discussed.

Most operating systems have only two levels of program operation,
"eﬁvifonment" and "program execution" (under the control of the en-
vironment). This system should have a gradation of program levels,
'Thesé will range from what wé may call "wide open'" (the bare system,
treating any user as a designer) to "coﬁpletely féstricted"b(ﬁhere

a user has been allowed by a designer only a narrow variety of options;,

1 .
H

and has no access to the system language). This is the "accretive"
approach, mentioned earlier., Numerous levels of designers may
contribute to a setup. The designéry and (if wermitted) the ordinary
user, may use this system language to create file and comnector types,
hypertexts, ﬁofkspaces and so bn.' He may aléo creaté compound operations
of a wide variety. These may take the form either of constraints
xxgmxnxxxinnx(ﬁo operate within his own setup), or of‘utilities and
augmentations -- compounded instructions -- which may then becoﬁe'
availéble to gther users of the system.

Presumably programs in the usef-language will be stored as
.character—string§ in thg same kibblea format as text and bther material.

It is anticipatéd that the general formrof stbfage.adopted for this

system will be unusual. ' It will be in the form of what may be called

Z3
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wiibbled text" or “kibbled data." The information will be broken

|
|
1
finto short lengths which are distributed or ‘'scattered irregularly around
!the storage media and connected by pointers.

!

It is expected that all the p01nters, compound entities, categories

‘and clusters invented and used by the on-line user will be stored in h

‘the machine as some form of relation. This will lead to a smooth and

simple aigorithmiﬁ treatment,rderiyiﬁg froﬁ‘thérreiational calculus,
group theory and graph theory. It should also tie in wellvwith the

use of visual inputs rather than more conventional alphameric languages
This is to make possible the contal nment of anything at all,rrecords

and items and titles of any length, and pointer structures to any

 degree of complexity. Length of individual items is unlimited; while

their actual machine storage is in blocks of fixed length, these are

linked together within the system so that the user need not concern

" himself with any limitations of space. (The unrestricted connections

and item lengths are possible only, of course, if the user has not
been restricted through the creation of some restricted workspace.)

The usé; is unconcerned with the pny31ca1 location of information,
although he may be able to specify response prlorlﬁleb, de81gnat1ng what
things he wants quickly, which will affect the use of space.

We may visualize a single "morsel" of kibbled information as looking

something like this:

'?efﬁﬁa: .
NQV‘SQ,_\ "’C'ﬁ'f‘"‘— . 'gv.« 'hﬂ‘?‘@ "?\ﬁii’ I P -At!' ﬂ-{eﬂt
AT Poruwien) ev \hesod beess Taddeasglesy AN S

For 1nput in screen buffers, and sometimes on tape, materials may
- be stored in "printout" form, that is, in some way that matches quite

‘neatly the way in which they would be printed on a page. HNote that this



is not the same as the distinction between ordinary materials and

materials in canonical form; canonicalrform means tﬁat.a thihg is

finished and done, and may not be changéd. -This form may be of interest

when dealing with already-published materials which are beiné held
____for reference. ] '

The system's real-time clock will permit some form of time-slicing.

ihis will facilitate the machine’s transfef éfréfféﬁtion among-seﬁarate
!users and input-output activity, as well as providing a hedge against
endless looping.

The user will alsa be able to search for specific sections of

.~ text, as described earlier and request combinatiomns of things he
has sought according to any Boolean function desired.

There will also be é text cémﬁression mode availabie for large,
redundant files of text. This will permit storing words, not simply

!
" as sequences of letters of the alphabet, but as numbers which refer
to large tables of these words. For corpuses of a certain size and
reéundancy, this can be a useful techﬁique.

It should be noted that an interesting feature of this system,
which distinguishes it from other '"real-time" systems, is that delays
are tolerable. While they may be aﬁnoying, delays are not likely to

i result in great queues of undone work piling up on.ali sides, 1In this

important respect it is not like an airline reservation system, and

may be much easier to program.
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THE HARDWARE OF XANADU
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,Theipropgsed implementation of this system is to be on a small, general-
purpose, h10h~speed computer, The best machine fo£ this system is the Digital
Equ1pment Corporatlon Display-8, (This is now the advertised name. for the
Type 3'8 Subroutining Display, which incorporates a PDP-8 computer.) The Display-8
is theimost powerful display console commercially available; it was designafed
one ofgthe one hundred most important industrial products of 1966 by Industrial
Reseath Magazine, The first of this line was recently delivered to MIT, and others
have b#en ordered by important reéearch,centers, including Bell Labs. This is
to gov%rn two coﬁsoles, each with keyboard and light pen., The 338 is a peculiar
machiné with a powerful display controller that follows a program of its own.

Its program is stored in the memory of the PDP-~8, whose pocket it picks (by
cyclestealln0 through direct access to memory) at intervals determlned by its
particular task, Otherwise the PDP-8 is free about two-thirds of the time,

This machine is equipped with a unique character generator, the VC38, which
permits upper and lower case and a variety of fonts, including italics, the‘Cyrillic
alphabet and mathematical notation. In practice theﬂsystem would be limited to
perhap; five or six unless a delay is tolerable, This feature is available nowhere
else, 1 restric#ion o; this console is that it is abie to present without flicker
only abouf 800 characters of text, all told, on all scopes. ‘This is the reason
for the "primar&/secondary" division of work between the two consoles.

The princip%; form of storage is to Bé on a large disk file, ong'holding
several ﬁillion_characters. The Burroughs disk file is preferred because of its
high reliability and fixed head-per-track system thch makeg it unnecessary tc

/

position an arm before reading data: The model that appears best for this pur-

ek,

pose is the B}¥75, whose size begins at about ten m:lllon characters, andAcan be

expanded with up to four mom:units of this size.
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In explaining or demonstrating such systems, it is a strogﬁteu@tation
 to keep sayiné "Bingo." This stresses the immediacy of the response, the next
preéentation upon the screen. It is anticipated that Bingo in most cases for this
system willrbe about 1/10 of a second, for a single terminal, This is because
the disk is fast, However, for complex inter-connected materials which require
t== following, say, half a dozeﬁﬁ péinéérsuonrthe disk; Bingb may take as long
as 1/2 of -a second.- Of course, searche#s aﬁd computations will take considerably
longer. It is anticipated that we may be able to treat magnetic tapes and disk
files as ;ne large overall form of storage. That is, materials which are not
,» regardless of the complexity of the inter-
connections within which ##ads stored., This permits the effective extension
of the disk by millions of additional characters or cells. ~0f.course, such a
"swirl" through tape will considerably increase the Bingo coefficient. (However,
tape swirl may take place concurrently with other activities.)?tBecause it is expected
thap new ways éf working will be created in unpredictable ways by the ﬁsers, it must

be possible to ﬁodify the available switches and pushbuttons as needed ,
- _ .

T~

~ This means modifying somewhat DEC's original pushbutton idea, so that new
sets of pushbuttons, to a large number, may be established for fixed-function
and established—workséace operations. For this reason the current plan includes
add—on six-bit input-registers (custom-designed by Ann Arbor Computer Corpa) for
typewriter keybdards and mistellaneous, unpredictable accessories, This input
is inten%de&to éid in the standardization of the Xanadu terminals. The 338's
built~in pushbutton bank does mnot accord:well with the philosophy of making
user accesscries correspopd in zppearance to what the user is thinking sbout,

It is adapted to programmers, not lax~?en. Eence, this pushbutton box will be
de-emphasized., Similarly, %ecause the machines has extra address bits for the

4;59!»7, it s e spoke o g havieg o e

display '"lake" of which only a part may be viewed. This approach will probably
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not be us?ful‘to us, except perhaps for specialized graphics production, However,

i
)

certain other machine-dependent features witi~ztse—be—incorporasted—trmo—hs—dies=
i N

pt=yz should be exploited, particularAthe hardware size control (three sizés) ~and

brightness control (seven levels).
- O
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. PROGRAMMING PLANS
!

[

!

In the programming of this system, it is planned to use a form of

Whootstrap' construction. An intial program, either created for’ this
. ap . : prog > -

purﬁose or obtained elsewhere, will permit the writing of programs, flowcharts

;andiother documentation on the screen itself, with text editing and linked

1
documentation. It will also make possible linkage among program segments

and jamong document segments. Such an approach should substantially expedite

the work. (We might use Magnuski's DOC program, ADR's editing program, or

a nu&ber of other'thingsg
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EXPANSION

Th% system as currently designed has a large number of options for later
| : v - .
!
possible expansion.

The use of a turnaround console will permit users to come and go without
] L “ - ' .
int%rfering with one ancother, a very important feature. It will also permit

———various minor activities to be handled by secretaries in "secondary" mode, on

! B .
i

a console with reduced capacity, concurrent with full operation of the other

conspole.

More core memory may be added, permitting faster responses and facilitating

storpge~-tube consoles (see below).
‘gMore disk modules may be added; each of thesé contains approximately
ten one million characters. The main disk controller will handle up to five'
such modules,; a total of 50 Aillion characters. (Or more, if condensation
is employed.)
Additional tape units mﬁyvbe added. Two tape units will be better
than one, so they can be used with the‘two consoles and delay can be
‘leséened in loading and unloading disk.
| ‘fhe-use éf storage tubés, in most respects of their behavior like the
ordiﬁary Xanadu console,ishould be experimented with. It is a peculiar
feature of the Xanadu configuration described so far that it should be
possible to add additional storage tubes, operating independently of the
main console. The problem is one of memory’(both disc ané core), féther than
of display capacity, since to 1ay a display out on a stéfage tube takes only
a fraction of a second, while to maintain thaf display 0@ a'ﬁolatile displéy ‘

- tube the picture must be sent out some thirty or more times a second to

-



avoid flicker. One of those thirty framés, diverted to the storage tube,

is adequate. How many users could employ the system gainfully throﬁgh

_ storage tubes is not yet ascertainable; for some applications five or six

ﬁight share it.
Finally, the addition of more 338s to the diskrconfiguratign should

have powerful advantages in expansion, and for four or five volatile displays

»

would be the easiest way to expand. One is the obvious advantage of

~requiring no changes in any of the programming. The importance of this

capacity should be obvious. It should be feasible to put some three or
four 338's around a fuli disc compliment of 50 million characters.

(There shoula be a word on the nature of the hook-up between 338's
and disc. 338's can communicate with each other via the disc, certainly
at least, in ﬁhe swapping of data; howevér,.it may well be that fast core-
to-core data transfers are also desirable.  In this case, particularly for
symmetry]of the configurétion it might well be best tb establish core-
to-core commuﬁication "around the circle" of 338's.)

B Additiénal 338's, however, would not need man? of the facilities

desirable on a flagship machine we have been discussing. In particular,

parity, the extended arithmetic element, the loudspeaker, and possible

even the ADC and-DAC, may not be required.‘ It is unfortunate when

discussing lookalike units to distinguish certain units as in some way
| .
special, but in this case it would seem appropriate.

It.will be notéd that beyond the basic system described here, further
additions. require no modifications or special adjustments. 'This appliés'to
core, tapes, disc, storage tubes and additional 338's. In this sense, the
configuration described here is complete in a way that any sﬁaller faciiity :

could not be. The hardware above this level is modularly expandable.



it should be pointed out that the wiring of the system should.prevent
the establishment of consoles at least one floor above and one floo;:'below
the basic configuration. Wire length is the crucial limitation. The
distance between scope and 338 may not be greater than 20 feet, but that
can be 20 feet in any direction. Thus it might even be possible to- have

e

consoles two flooxrs away.
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; | SALE: XANADU AS PRODUCT
| ’
F : o
'Whﬁle Qt is anticipated that initial uses of the system will be
i : ) -
:tary and confidential, it is well to consider the marketing

possibilities for such a system. While our firm would of course not be

proprie

invqlvéd id the sale of hardware, (the Ann Arbor Compufer Corpofation would
prohably be quite willing to take care of all this), the deal would be as
I »

is ﬁsual in such cases, the leasing of programs. Our copyrighted system

mwixghkxhe program and documentation might be leased (at, say, $50,000 to

e

year) to various places at which documents are extens

$100?000 a vely reworked
and manipulated. Ez=t \arious documenf mills, such as magazines, foun@atipns,
movie sfudios, the White House, perhaps newspapers, and universities wishing
to keep their most productive faculty, would be prime markets. (Whether this
could be marketable to others in our field is another question.)

This system might also be used as the front end of Management Information
Systems, as its capabilities are extensive and unusual. Such systems have
previously concentrated oﬁ computati§na1 response, and their desiﬁggrs have
tFied to anticipape the data'structgres and output formé'ﬁhatgxiix will be
needed. This is fhe wrong approach. XANADU, with its relenflessly ve%satile
recopfigurability, will be confinuously adaptable to ény new uses and
.requirements;‘ (And it is quite likely that competitive systems that
would appearQ- say, Honeywall%s HONEYDEW and IBM's ZAN-TRAN-- would fail
to graspﬁihe,necessary depth_of this xax&aﬁkgxxxﬁk&n reconfigurability,

and fall short.)



