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Yanadu is a new wayv of organizing prozrams, computzrs, displays
and files. 1t is intendod to permit the construction of extremely complex
" systems by simple aggregation. It cither will eor will not work.

You will probably understond Xanodu in gensral i you understend
the following: :
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Limited Circultlation Only | ' C

TECHNICAL DIS5CRTPUIOCN OF THE X.A?QAP.)U SYSTER
10 February 1971 [J\U edion cox-r[z’fc«'( 22 i‘t\aVcL]

This is a2 bricf description of a proposed nevi general-purpose
computer environms=nt wnich is belisved to be novel, peculiar and
unusually powerful, The resder is exnected to understand conventional
computers, mini~ oomuutﬂrb, 0?3 ating sysetems, subroubtining displays

and disk management. ansdu's unusual features will not be justified,
arguzd or compared with otner approaches in this working document.

Xanadu is a unif'ied system for the management of very complex files
and displays changing zrratically., OQOriginally intended to be an opulent
console for text and grapnices, it has become gencralized and simplificd,
In concept it is now fully gensral-purpose,

Implementaticen in nardware, firmvare or SOftWan is possivle;
in some cascs we would have to call the result a Xanadu simulator,

It is not particulsrly easy to describe, Xanadu could also be
thought of as a througnh-designed system architecture, a revised input-
output structure, a parallcl virtual memory, a radical operating system,
a large data oreak add-on package, or a weird virtual machine.,

_ ITmplementations are presently contemplated for PDF-11L, Hova, Imlac
PRS-1, 1130 (with or without 2250), 620 IDIIOM.

Extensive proprietary rignts are claimed to these processes,
machines involving these concepts, software implementations, nomenclaturc,
notation, etc., etc., ete.
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XANADU, the mystericus srtistic pleasure dome, 1S intended 7
as a F“ﬁ””“l purpcsec coniscle for the craeation, revision and
viewing of animated ond brozening text and line drawings. In
addition, it ]

will tave two cutomatic facilities nowncre sisc
available: hissoricocl brails, psrmitbing vackiracking througn
creative worl,, and complli coupling among corrzsponding parts
of avolving stiruchurss [(multicoupler f.vil’ty). Together
_th”wb will pormit the user to browse in time as well as space,
and understanid nis materi=ls, nis choless and his crcations

“muen battor.

Since I have been told tnesc things "can't be done,”
I have had to work out the mechanisms for them, here described.
Essentially it is one simple method which can, like fingers,
be intertwined in ccmplicataed ways.

The fundamcncel mechenism we may call strean complcx
pPO"“’liT" It seoms to ve a new genre of computgr pro
gramning, for wnica a new type of macnine snould cve uuallr
be builb. MNosnwhile it con be easily pregramacd For exd sting
CQUlpW’”u hn “ch1culbr QJLJul descrioved here I tenta LquLy
all A-53T20aAk, danadu's stream systen.

Zanadu is to bz a gencral- pu”pOuC worl: consolc with
historical and file-coupling fcatures aluays avallable.
¥-Stroam is the row mechanism of it, for waich the rcader
may scce othsr usss, :

"his stream system consists of a disk system, wnich
provi’cs and odéits the strcams, and a bed system, which moves
the streams throush corc (without moving strings) and koccps
them correctly arranged in relation to one another,

within'tho premises of this strean system, prozrams
(streains themscelves) con be vritten Tor any ouPQOSU. roweveaer,
ordinary prosrans cannotb conveniently Tunction., 1n a software
implementation progsrams uader s-strosan would Lo wholly inter-
pretive; in norduare not.

The overnll Y¥anodu system compreinsnds: 1) the strean
system (wotn disit and wped), and z) particular programs for
crpatln@ text and pictures, uvplotlrg and modifying tnoia on
the scrzen, and continuously refresning a non- storing Civ
display. In addition, 3) what may be called the stewardship
functions (nultlcoxo11n~ and historical backtrack) are all
times available in conjunction with the crsatlion and revisgion
DroIrons,

A very simpls swapping and relocation monitor ollows
proZramn overlay: =~md spacoe adjustments in cors. fnesc may

......

tend, howsvor, to bomb the 4ls *lmy bricfly or make it flickar.

As 3t is assuncd 1 be tied by commun-

£ ot : 1
jcation link to Lmnanso 1jwr\”1:s, the oparatbing system will
provide -To i smic S of thinzs tvo
and rom NEd ard intzsrennng?
jVige rtocol Ke ’x,JU\_,.
Lams shoan. wa nore or lass ignors; v lo oo Gpochs 1
locnl ¢osa of rontts LCCLib.
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(xanadu for the beginner; text functions only)

ORMRTS AND FURNITURE

Some stulf appears on the screen aus omatlcally the word
XAMADY and an "e4it rose,! a control diagran for the edit
functions, Thnase ara standard Turniturc,

(f"’“*“& e\\\' rose:) \L—_)

‘'he user may create a number of scresn formats, consisting
of any arranzement of the standard furniture aﬁu Lhe user's own
windows~-- rectansular frames which are tie user's own furniture,

xaN Ay

.
_In

All Turniture mayv be made to Gisappear, leaving a small
symbol to peint to if you wani 1t to come back.

A number of files may be assoclated with the formats.
Bach Tile is sihown as a 11BLle labelled circle or aa] Covmled
files are shoim by lines between the bzlls,

OTENAL hcgg on

&Lregh:

NOVGL DRAFT 2

e, B

To call a file to & frame with the pointer, point at the
file ball Tollowed by the desired frame. o show Uwo counled
files, assisn two files to two frames, then voint at the live
COﬂWbOLmj tvio ©ile balls We then see tne mulLlUlO counlting
between the two Tilecz, cihplayei as lines,

s
3

ssible to roll either file
hin its fresme, with links
priat

Using pointer controls, it

smootnly foryiaxd cr tackward
appearing and disappeariag 1 t (ihe file which is
under direct user control is the inderpendent Tile; the filc
wnich moves derivatively 1s the dej

N Qs e
Pt
=

2ditinz is commanced by Ooimfiw* av oarts of the edit rose,
then tyveing trne chanszs and vointing to wicre they are oo talte place

Changes may be unlceac oy stepnoing chkwmr' in tine
(user control means wndecided),
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EXAMPLE OF USC: NONELIST'S (oNsoLe

Beginning witn raw notes, the novelist may rework his
material into alternate and linked drafts to see how they work
out, until he is satisiried witn a (inal version. (Or, he may
leave it in a linked hvpertext version, such as Pale 'ire
or Hopscoich.) | -

Forjlar bvwse

«J}“@—IQ‘«T \‘{Eﬁ LS htid

vuder  dHernt >
basie .ﬂ‘m res = . an\) vevsiomy
Notes
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T
N

EXAMPLE OF VST : PROGRAMMER'S CONSOLE

The Xanadyu system may serve as a working console and time-
sharing terminal for the programmer, Proceedinsg from written

program specifications, he may produce increasingly more specific
code, work out the consequences of alternative netheds, [lowcnart,

code, convert, compile, run, mark possible bugs and so on,

The system will take care of all inter-indexing among these
parts, and sitore all versions and intercouplings down to the
finished program,
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THECRY OF CENVELITIDNA
“atz is @tored in chained blocks and

Conventionally,
indexed by index bloc

Ui

This gets nairy when more than one data type is being employed,
essory information.

as well as change catciners and otnher acc

in all sorts of tangled and overlaid
stinguisn four types of area:

Core memory 2.
tiowever, vy 4l

ways.

Everv chs=nce in the display requires the rewriting of tie
display lict in tine scope buffer, TIndexing is horrifilc,
Bl ey,

Yrozrams are L
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M&%‘JL THEORY |
anadu Thaory is an idealized system of coaventions for

handlln dats a3 streans and only as streams, rolling these
streams tarousn memory and jumping betweein then,

PEAOLIARITES 419 OHAUE AIVANTREES OF SYSTem

This systewm is so unusual that its specilal qualities nay

not te ObVlOHS, and conversely, it mignt be thought to possess
advantages waich are not actually unlou i think Lne following
are amonz its strong points and intere ulﬂg feature

NO RUFFERS

The general idea, the most general idea, is thal we do away

with I/0 ouf:ers, work areas and display lists. Zverything happens
in the same plzces., I/0 and display buffering is out of the same

canonical storare ereas, Within this constraint, marshalling

programs omJ; i set up and revise the display and pernit
editing and animation, - ' .

2. VIRTUAL MeMog¥

Complez virtual memory and indexing are ea"ily specifiable
by the programner, Overlead is low and very uuPa] ghtforward., 5Secau
streans are roilcd automatically to aad from disk, the programuer
need never ve concerned about overflow, except fo” optimization.

3. ConpLCAT oK

Complexities would seem to be additive, rather than nulti-
plicative, Tor each elaboration,

4 POLLING {ROUND

Data may bz rolled smoothly forward and back ad infinitum

L%

on a continuously refreshed display.

&

5, M\ULTL) 9\\\00“&%1‘%

“ne r071 nz feaiture &l y ]
sional arrays. ovable h- ﬁlhev‘ oﬁal views ol 1
large m~111,;5~ove chiecileruoari-type arrays are pos

é; (ji)‘w QY*T\ K‘ fk, ?V¥\ 5

oy
.vuLAL.-

aheoloos cors
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¢ mm e oAnp MTCR R :
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STRENIS

A1l irnformabion is in streans rather than blocks., The sireans
througli core, and refer to

flow smootily {orviard and backward

eacn other & lot.

NOEE WATER. [MAGERY
: stream moves is called a bed.

The srea in core through wilch a

The movenent of tlie stream thOU“ﬂ its bed is called babbling,

The strecan i; nade uo of neandsrs, sections separately stored., The
view,

part of a strearnr

\MAGERY
Wnat we <o to these sireans in tneir
to their pasc. Thus we mix metaphors and

O
Ui

[
™

currently in core is a

peds is uareclated

deal with beds per ge.
Rach bed has a central area., This 1s called the piliow.

The first space in a bed is the head, the last space 1is s tne foot.

A curious movable partition divides the bed; this we may call thne
e~ s Jocumeu"l and

bundling-board or poard. [Alse eslled knwmqawgrmu{ \
— (4(’ r”e ,::r%pgr c\otub\_ip\ri':]

tdbw][j Leé
., ) ‘__—-———] ku:\

b

l i&d%

ROYHRTION
STREAMNS

Al
a\l\'& hel or ewg‘a\*-Stz«c—\ -\\re.Q‘xer\ =

\'&"D ded uie };-ojn‘t:\:), ewu\;l\ahz u.j o\éfm:\\ L%,““-‘)
= /&k)\ 21 £

comulatve tda
staal- (Pap‘;el{ as wal] as t’OSLJLA) — 1\

FOINTERS BETWEEN STREGMS

e ‘, LY
v ~_7 N K
—t P ——-.~__f‘:‘_‘§‘;}\ .
UHSDDL\)S INTO  ST2ER ™ ,
— __N--_--L’ ’.C//'\ [e wafaof shetorsg Seqess
///’g ( }— rf\ Y ;{,‘T f,‘h() "p/'?//!?/;:"i&"(’)

SYREAMS PASSING 1ARDLFH CoRE
ST’C o~ C“““‘r’i‘r! 1N CoRe g::..lf;;
(Th_u\ S\,(\‘V‘ .e(‘ s }‘) ‘[”i(\ Ve e .'.T'---—«‘.lf‘i'
A Ay, morve " o

Q‘V‘""\ (e CErQ " BL 0




PRINCIPLE OF IARALCEL HaVA ConvRoL

For various reasons it is nice to nave different forms of
data kept vure, without control codez (e.z., text with paragraph
codes omitted). The sircanm approach allows you to declare
parallel streaus for any purpose. ' ’

DATA CoNTROL ¢
w) k../q/

DATA ¥

Indexing is in general between two otf@gM'. Yhenever the
programmer needs to distingulsh data types, ne nmay break them
out into seporate streams,

The only space overiead for a new stream, besides tne core
it occupies, is itvs pillow (ew 32 words)

Interconmunicaiion ocotween streams is by stream position,
either absolute or relative to current position.

PRINCIPLE OF DISPLAY STREAM-FumLIN G-

The display control cyules througn a sequence of strean
pointers, locking first at a control stream to ascertain what

C».u
are and now many-~ and then

elements to display-- where they
dipping down to take that number of elements from the specified

stream., Tnie is the display grind.

contro| sfreav, Q
A

The princivie can be extended to nierarcnies contalning

any num»er of control and data streams,

C T g

.

A

c\e?\a s?'(re:u—\

PRSTER,

connoL |

CoNTROL \ \V
A
BATA A

’——\m__‘wy ‘ , VRO
BrTH e

€rd.



YOUBLE GRIND OF DuspLA 2D sk

Tor appropriste arimation and re,pnnflvenerﬁ in the systemn,
it must use o refreshed display o at least (2%)2 recsolution.
This diupla must alwayvs be refreshed witnout [Clickering, no

ay

‘matter what else is hap
iiost of tihie other work is done by the disk sysiemn.
Thus we may see the general setup as a double grind

of display and disk: equq4
: ———

J)ts !2 l Dk

user

While both may cyrle at 30 sertz, they are asyncnronous,
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A8
FILES

A file is n parallel cireams of difrerent types. The
number and types of streams depends on the type of file,
FILE NOT/TON SAMFLE FILE TYPE
FiLe —
NAME r_s_(?;eau.\ ‘f‘.U,Q TEKF'EL"} TQ’F{\
_“____,____ m—r dOdeo(
."“________. . art map
(G P
FILE SEQUENCE fre vy seped B

By "file sequence" we shall mean: first stream in sequence,
folleowed by second stream in sequence, and so on to the end of
the last strean, '

INTERFILE fILes

Some streamns are outside and between files, These we may
call dependent files, dependent on other files.

Important dependent files are:

The counternart map, which points to corresponding and
related parts of two or more files.

Interfile nistor; files which relate the ha )penln S
3 o
between filez over time

FONAETIONS

Tunctions are pawulcu¢““ programs, requiring a certain
number of streams in a certain number of specific types ol veds
A Tile may bini to a rfunction, meaning that its streams sult the
requirenents ol tne function, or not. A

FILES AND FONATION £

»iles conformshle to a given function are batbled in
that function's bedse, '

B&'\\%(v'\ CN’:{-'*\ .S(Z.Q.f)

Flte T

NHe f/r@au\Tcr rR_ ‘_‘ FONCTION

\E (o NAME
[ | ‘{‘1

(:”"“‘*'“—‘*‘“ﬁmmEfrzg




S$ED SPSTEM

‘“"he present view oi a
arunurarv block in core.

I
E"’.
=

3eds are
resident control
to its bed.

LJlQ\.-l;o .

. 3
resid

the main contents of core.
A pillow need nct be contiguous

Bed |6ed [Pe)
‘ID‘-«) -
r l ’ Be) [ Eeq
PN i
Re} Be ;77"
Red ///
%

%

When tne activity changes,

A bed always
of information,

by an im
sexgment,

It is divided
~a first and second

we nay cnange

inary line, the bozrd,
nich are in reverse order.:

it

es in a bed, an

Fillows are thelr

v-ﬁ: E#

.’re;'p{ ecf

frez? YL 3-:«{ ru,( ;—uu7‘. L Ef)

the beds,

(almost always) holds the same amount
vinich is never (almost never) moved

into

XD d2 1z

‘\How (cot:fm[ area ("orbezk). Helds cvrvedt fevmuslor ‘Ocﬂ;ou\, e

L4

head [(M Ok ol Qu:e{(’]

lag} elowest

==

Seqoh& SetBMNtLd

Frl elouierg

—

e el

feot [-\Tl\ eleu«akﬂ

The boserd
the startinr-voint of ths view

Tnis is hecause the view
core, which is chianzezole,
Ideally trn2 board should bz tn
used for thztbt bed, but in most caces

simalated,

is actually a count specilying
of data eand

g

v

Leard

2 f\r;T se L‘J\EL\T

its

dote breck address
nis will have to ne

sinulteneously
termination.
vepins end ends at the scme point in

register



XTD d2 1°

7o slide the view forward in the stream, or babble forward, Y},
ve overlay new information & vinsry woid at a time in a
windowshade fashion, The board (o storcd count) changes

as we go.

[V :

J§§§g§§_ Ei;%_bJM
'__‘?_{6’:‘ y oxX
\')01-\!_(;* MEY) !M"F’E._r (3'36'°“* is rsc}\-e.,ﬁ

F‘f—--g‘—,f—} d 0!__[ T five ellerr acosg
{R THE | K THﬁ for C,ou\ipacffueg;.)

Tdeally this readin is directly to tne bed from external menory,

i3 the same thing in the ovher direction.

LJBC (=3 I)‘ _’;
tne complication oi disk rotalional direction. )

¢

(iie ignore unere

Le visualized as a view bounded by
o,

This nover: OIIL nay \
boards travelling tne 3tze”w. Certzin eletents accidentally
fill the bLed-~end DuLlJlozv as the window moves.

%
% T s
<9 <

wt 4 73 £%

T E? g e N
- b& ! Y3l ¥ 'fg'g
- 23 S g% @ =

———  — —“-—-—- ﬂ~—~‘-~.’~‘-f‘—

5“‘2:‘\ : \
! !

forwsrd babble —op

WRHAF

ce noted that iU you step througa core, the

will ©
seconﬂ segneit vraps auionatlically Lo tne Tipst, since you
pay no attancion to tne board, wihicn isn't there anyway.
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1

-~

Lloecls fixed in core for eacn
contain: inforontion sulficient
tne window, end convert all

' AR oA = e
nsolute oec acarsibuCs,

iV
iz

gtrean in
to find a

We may vicualize tnis as a system of addresses relating
to the stream., Coasider each oblack dot as an address.

[«6’48?" §f0f’yyz uwsv
i JewesT ff‘ov‘aé,l wap . .

\ r"""—f\’_‘___'w_“. ‘___-—————*—‘*"U O-‘LQ
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S
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r 9 AY X
w o 2 Ca ¥
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le"ﬁﬂ'\ *g ij 53 IQv\\jl\
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:g ,'Ct\ 1{\ v leu&ﬂ
- o 8 "5 °
_e_/‘\//&_/-—\ %//W\
Qs : o~
?rev{ov$ V&eawie* ‘ nwekl waeaid er

The pillow holds for ready reference the disk addresses
needec for continued stream motion in either direction, as
well ao strean jumps to the nexb meander in elther direction.
Thus babdlir: scetly for o vays either forward

.;v\
or vacluyar?®

i Lhe ponitor,

aco" of the core view on Lie
the villo eens traclk (si
C xl

4 - " - T — o
YO CcHYr LncIred

25, aaa e [P . o
G TO wie Lo U2 8y

- '
nout moiwnm to directoriesn vV1rsd.
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Uithin a function, several UOJQ hold the component streams
of the file. “rese arc tne bed "family." Its members are
identified amon:; theuselves Dy a snort binary nunber (say, £32),
meaning witnin the family only,

MOLTH DIAEISSIONALITY

The stream systenm expands readily to the representation of
two-dimensional and higher-dimensional structures, It can
provide multidimensional views of' thes structures in core,
These views are incrementally movable through the structures
with constant core addressing.

cn wie wmay call nmboargs, speciiy the
varete dimensions: the i-board in
i in dimension n.

Tew boards, wunil v
board positions in tne se
dimension 1, ... thne

=

!

o
O'P(
(Df

e overgll view 1is incrcmentally bavoled by rows
(or colwns, or whatever) in only one dimension, 7o bavble
in another QJMQQSlOH, combinations of beds must be wholly
rebabbled.,

o o V‘wo - GQUMQ‘WN) u.,\)}
yE) béfa‘?‘atvxj J"i}ea,u\

i - Tir v tstor

Z—TLY“‘“'\“T“" T R T BT e e oy 1A 16 1E 1» J]
_ Ialz8 (e |2 17¢]
— T I3AISR 3¢ Bh IzE
AR 1
- Ar 1164 Wbiye




Rach bed requires its owm pillow.

struchture for

flyer - q,)

2 terminsfor

WrI2mim( S
Wit i J

38
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17 Xrh d2 17

(e variant pillow
veral dimensionn will not be concidered here,

&

)

- ) ™ ]
—-——— — L S
. ———
. - _
——— —
b 11 1 1
~ .
—_— —_ —_ —_— ——
ot . A Y O R A _ ‘
-— —— bamas — M
. T fj “‘ B
— —— e—— —
| |1 L




o %
PARY MAY

Tre part map tells wnere things are in the file, Dbw
stream position,

Ordinarily it is used for zounling parts of the file
to the outside., It may, however, alsce be used for internal
reference if unesd e,

TQM l *twe Coc\Q. \ A%gl%iss elemmadt e, i

£ros L to

 ———

a l - L (Vﬁoha‘

Types so far:

point
section
character
heredity suusect

(i.e., a subsecbicn creaced by dividing a section).
The part numders are irreversicly ass

sucd in eternsily
ascending sequeince.

ITEM SEQUENCE (oF Pa isp)

This eternally ascending sequence of ilen muacers we
shall call Iten Sequence,

COONNERPRET Tiyisd

the Countervars ap io e streaii Specifiying correcpondénces
betvieen files, by number, Dispensations muet match those of the £ilss
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(7
SYEPS OF FILe {HD 18T eFILE @MMUWQWOM
Several steps arc involved in file and interfile

coumunication, ‘ne scporation oif thece steps is intended
to simplify the structure, a2t some cozt in overhead.

Crorferond
r PMaP ' Far‘t
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File :J
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| SML PARY MiPS

In small files it is perfectly reas onuolc to store
part maps in item sequence and natter or eternal-roll throusgh
them to update chanmed strceam numbers,

A more elezant metnod, suibtuble to Jong files, is to have
two part maps, oa iten Sequence andé one in Wile Sequence,
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host of the worlk in the strean svsitem iz done by the disk
sysbem, Thne gencral notion of tne aisle *v:;em is to store
utfed”c in pieces vut deliver them intsgrally wnen they are

needed. List #lrucburesg 2nd proccdures are here suggectted for
piece storaze aand {ree space, e precit izt structures are
probably not very laportant, dut the rcziilzat
will clarify tie general mode ol operation des

WEd\S\( MANRGEMERTT PROBLEM

Tne besic ¢is¥ vproblem is to pull your desired stream
sections off diuk s calckiy as poU~1uly, vreferably in one
revolution, b01u1c3206 more generally, vou want to minimize
the nunber of accecses and (mere import'lt7y) tne number of
turns. You zlso va L Lo avoid chaining techniques wnlch require
recursive or de Ler°ol accessing, Whenever possible you want
to 4o more tnan one thing on a given access. (If a moving-
arin disk is employed, at sreat penalty to the system, ihe motlon
of the arm is to be avoided wnenever pcssible, and its swing
distance to bz minimized if it dces move.) '

GERFER. BRS 1G] oF DISK, SPE®M

Tor variouz reasons, the disk system to be described lere
_has been desizned to do qulta a2 lot. ©Desides fetching pieces
of streams, ‘with (it is to be hoped) some ontjmlzatlon the
disk svstem handles stream motion, stream edit, indexing and
storase control,

tions described here
iraple.

1. "Strean edit! mecns it adds sectionz (or resnders) at
desired poincs in the strean, deletes sectlons, substitutcs
sections, reconiipgurss tnelr storage on an ong 01n tasig,

and keeps tracic of it all,

2. "Indexing®: tnhe disk system keevs track of the meanders
that make up streums. It also maintains a directory. This
means maintaining a shifting collection of files, functions

and streams on disk,

5. "Storaze control' means a varlely of things. The
disk systen rah:le” .egb@r’ collection, maintaining a free-
space list and &ss wlating droppel mcanders to it. lessilly-
stored sureand arc rraazed Tor the tetter, Tt also manages
certain rearren . . i nieanier colies aport
for insertion, and scriing itemc under cirean control,

| e

o
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rhesmmrd method of stream storage is this: a stieanm 1is
stored condeculively at Lirst, aind as uau- G occur any
additional plhcc" are scuhtered arouad tune disk as convenient,
Such a pilece iz stored in a plece called a mcander,

s At ot

ihe pOlu“““ o a meander on disly, speciflying its location
and lenzth, is & meanﬁer code, =

%

SvREAM, CHANGE,

By cnanzing the meander codes we readily accomplish editing
of the virtual ctream as represented on disk.

Insefion mesdr cole

a e EREY i)
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VLl T OMer, STEsis OF WHe Cipifee
When a s

sazed, either by deletion or
1noertloh, a iy

er it in the stream, gnd in
, incluiding the Fart Hap, have to Dbe
e¢d by its length,

NS Q):t‘h - Po'“‘qr

L}

\.(V" ) - )
aAo_\vacso haresfier,

- . . m 'ﬂ\(, //E_
This means one or more pass through every stream,that
may be pointing at it, (glﬂCC streans outside

1

the file communicate through the Part Map, no stresmns outside
the file need Dbe examined,)

BOFFELED Uf)@wa

(Ve ass
onec ot a tinm
_and reasonan

um
o
.
1

' possible
e.) ‘

NO &sd‘\?o INTING—

As deseribed here, every meander is in only one stream,
so that baclpointing is not required. ihen a meander 1s to
be copied to another strean, it must be edit-Llocked with
respect Lo cuher cnanges ﬂLlL tae copying operation is
finisned and ail necoscary hictories and counterpart nmaps
are inforned.

tely updated concurrent tly,
1es are

[ae]
¥y



STORKGE MAT

The list of meander coles specifying a sirecam's storage
3 1.9 - o -
is the gsilorage map. :

The int
i

ntion is to edit streams and revize thelr storajze
with as 1 r

fucs as possibie, regardless of developments,

The sbtoraze map is not transmitted between storage media or
remnembered in nistories. 1T is begun fresh wihenever a {ile
enters the systien and 1s asslgned space,

Qulek- KD ~HI Y NORAGE MY

A simple storage map, for either file or stream, would
have the meander codes in sequence beginning at the file-
start, There ic Then no need to state tne length of a stream
anywhere, as a position in the stream may be found by adading

the len;tiis iIn tne neander codes during an eternal roll,
Changzes in trne storage map must bes inserted in the
- correct position; thereiore alter eacn cnaange the codss nmust
be "slid apart" appropriately, i.e., copied a Tew positions over.

7iller codes (blanks) can be inserted to save sliding later,

7

D

Storage-man arez \% Stream area

S

A steorage-1an jump m
(This pernits re-assembli

[

i

ing part of a ctorage nap elsewnere, and
jumping control to it when it's reazdy.)
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REORGAN T ZING SVek!

There are several ogpblons for reorganizing siorage: moving
meanders; wov‘no pointers; and changing ihe starting point of
the file contents (as listed in the directory). These may be

exverimented witn in tne Operating system.

HiSK SYOR@EE, EFfiMER/CY AND REORGANIZATION

t should b2 noted that tne choking of the disk and the
filling of the storage map are two main reasons for reorganizing
storage. A lesser reasgon is smoothness of access, but since long
rolls througn entire sireams are expected to be rare, this is
less important than might seem at first blush. Not returns to
the storarce map, but track jumps, cause the greatest penalty.

Putting the forward-snd-back dislk addresses in the pillow
means that a local feteh to babble a stream typically can be
done in one turn, Collecting the storage map at the start of
a strezm means an arbitrary fetcen in a sctream can be done
typically in two Turns, A search through Fart nap end Storage
“ap shouvld usually e possible in two. (Yor moving-head systems,
these Tigures reier to moving-head accesses.)

Suppose there are seveun streams to be accessed, and each
takes three turns; that means a delay of 21 turns of the disk,
or less than one second, which is tolerable in many contexts.

PIECE RABBE; GR.&BRING— MERNDEKS QOV-OF. OLDEK

Often a bed needs to be filled from more than one neander,
Presunably these will be demended in the most efficient seguence.
When a number of neanders 1s being letcned, the operating system
should go for the nearest next string, or otherwise optimize
grabs, rather than hold to a forced sequence,

Re ~NRedM ING-
fe-strearning is making new streams out of old: prebumablv
making neat storwve streams out of a tangled bunch of meanders,

Co-LYREAMING-

Co-streaming is the arranzenient of data in more tian one get
of streams at the same time. Tnis 1s desiraole for data
complexes w:nosze different views may not be conveniently displayed
from a sinzle separation into streams.

CRo8S - STREGMING

Cross=streaming 1is the co-streaming of data into sets of
Streams whaica cross-cut cne another: for instance, encoding the
contents of a chessboard into a set of Norihi-South streams and a
set of Hast-iest streams.

Creegm gory

CU

Cne feirly simple nethod oi sorting witnin this {rauework uses,
the stream facllity; we may call it "streanm sort." A stream is
createri specifiying the parts or things (strinss) to be sorted, in
the desired order. ({uls sort-strean is tien convertsd to absclute
meander coden (u »uul1" ore thnan one-for-onz). 1t then constituto:n
thre sortes mzannoir iish,; 1T vad 10 coa mulde a re-stressaing,
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1t for this system is not the
U such instruments may be niding
ecired disk szrvices must presumably
tional methods,

IDCALIZED DISK -

Tne way a disk ougnt to be bu
way they make btihem now (alth
benind their controllers). U
be simulated Trom more conven

1. exerisl RoLL-

In the idealized macinine, you can set disk input to "constant'
between a given track and a given bed: information will roll from
the disk into the bed indefinitely. Since tne material is
rolling into a bed, it never overflows. (hLowever, the system
may have to act fast to snaz wnat it wants,)

2. BEDSCATTER

The disk should be able to read a string of arbitrary length
in arbitrary position on disk into an arbitrary gap or secilion
of a bed. ioreover, it should be able to jump among a succession
of disk requests, scatter-reading and gather-writing the desired
strings into their places (i.e., meander pieces into beds),
correctly wrappinz from Tirst to second bed segment. With respect
to a given disk track, it should allow any amount of scatter-read
or gather-urite, consecutively 1if need be (nth word to Dbed A,
(n+l)th word to bed 3). Scatter-read is necessary for getting
parallel strgans and odd meanders that happen to be on the same
track; gather-write is needed for re-streaming and co-streaming.,

JIMULAT 083 OF 1bEQL DISK: 1. NATTERING

making conventional disk controllers as gven, we have to
simulate eternal roll in software. One good method, il permitted
" by the hardware, is to keep resetting the terminator count so it
never stops readinz in, and resetting the address when we get to
the bobtom of a bLed. oecause oi the yatata, yatata nagging-
headache quality of tnis metnod, we may call it "nattering.”

One slignht difficulty witn resetting the termination count
on the run is the possivility of a cnange between verification
and reset steps. 7This can be dealt with in various inelegant ways.

24 BeHSCATTTER. SIMULKTION

~ 3catter-rcad and gatner-write are not convenient on usuel
disk controllers. ‘o save spins we simulate in software, Ve
natter the material into a buffer bed, then transfer wnat we
wanted to its proper bed on arrival, ilatter is continued on a
traclt until we are done scetltering or gathering,

LEAVIATG FILES ON YARE LHHE ‘YoU LOORK
It is the general dinstinet to read a tape file wnolly onbto disk
before you start anythinz., That is unnecessary in the present
system. Zxcept for the cevere time penalty, tape can be treated
like disk for gzeneral files being nroused, read or added to.
Sonventions will nced v for files eopensd out only
partly transferrel Lo dis e.i., ridenc and ocner foviallitly

1

material on dizsi).

-

SO
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%
T\W&H“} On BiST HLULOCATON

1111 te noted Lust tqo storaze map can index materiag
; Caag expansion ol a file to additional t“ack is
utrdlebPOLf"fd.
. A file smaller thaa ore disk track should be stored all-on-one,
if possible.

St (whole fle) Shros 4 otresma 2z St 3

VA — z —— m— e

A file larger tqun one disk track will nave tc be divided,
There are no obvious rules,

It is dceirable to have the storaze map at the beginning of a
track ithat contains a waole fiic; that way we can get it all on
one turnl. osubt of course storase naps grov as meanders proliferate,
and not all files are small cuough to fit on one track,

This might worlk for awhile: '

g fov olra prathy
N 21 o storay

pmeacden Tyl

T ' gh ., ’v‘\l—'! F‘ 1’2
Lo reg C.K‘:lét .
N v

AP

i )

-
———
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But streamns will grow. In order to pick up related vieces
of parallel streams in the same turn of the disk, it would be
nice to offset them by an appropriate disk angle.

rofateo

(‘"he same of

{fset shouid naturally apply tu mcanders witn respect
to thneir insertion-noiubs.) rowever, since thre cize ratios and
neander quirks are uvnpredicteble, thizs is mainly o guiding thought,
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Free space malazenent reguires three techniques: keeping a lict
of free space; regavherinz newiv freed space to this list; and
revising storage before it bzcomaes 500 MEsIdy for what you want to do.

Wnen a meznder is freed, ils endpoint + 1 is compared wita the
beginning poiats of other free meandcers. If there is a match, the
two meanders are combined to male one larger one. 1 you have
a loose string to stere, you w=nt a neander equal to or larger than
that length, either in a desired angle of the disk or bitten off
from a larzer piece (wuaicn allous the neander to grow, if growth
is anticipated). thyﬁéans the system is to keep track of freed
pieces by tracl: address and ldneth, (Traclk eddress specifies
starting angle). heander codes of the standard type snould thus
suffice for the free-spacd list, Presumably this list should pe
kept on a single tracl, shoqlgiist the separaté tracks in sequence, -
and have gaps aisong the mearder codes to simplify rearrangement.

SWiPS

Swaps in the
informatvion for i
To swap in a
position, especia

trean system are neat. The pillow contains all
restitution of a stresam in core,
rean, you can pub the board at a dilfferent

b
=1

&

[

= (
&g

1 tne top of a bed, The terminator can be
restarted at any position as long as bed contents are the sane,
To swap out a stream, only newly-added portions not yet ccamitted
to dicl: and meander code must be assimilated; the rest can be

clobvered, -
We may therefore distinguish several different types of swap:
1. Bed swaps with recident pillow. Uhe strean and bed are
clobherad: trne pillow stays. Pillows for several activities may
reside in core at once. :

.

A2 BZ

U‘\Sjl:a > |>|

NN
‘Emm»>
N

41 |

2. Pillow swap. e pillows go to a suap [ile, end are
noted in the errand stacl. ' :

3. Single bad swap. Contents of individuel peds are overlay-
swapped for otiicr contents.
b, tulci dadswan, A coatisuous lot of peds nas its space
overlajd by 1T veds, wnlend nay oe resized,

—

ssolute vrograirs cen ve run into e Led areas tenporarily;
g ituted Irom tne pillows.

ARSOLUTE OVERLIYYS
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aly cecides 'hat goes i core, wnen to

OPERATWGE SRSTES

(*%
=

The operating syctem mal
babble, wien to cwap. Within cthe conception of thne env1glou ;d text
and grapiic user conr'“’s, this iz »tralgdtiowward

The urgent probviem ic tne display, wnich must at all times be
refresned and nodifed Tor aay auninations at the end of each cycle,
Response CO LH@ user is tane next ncce“ﬁltv Wina11j there is
update., (iemote communicztion is an exception to thig priority

schene. )

Auuﬁm dﬂ“

O‘H«er ;dﬂvf\‘\l . . '
[

VER LU STSTEM

‘ime overall system has a ]arﬂe number of obligations, most
already mentioned. .he following i5 a basic lict. It will oo
discerned that they are not all that complicated, nor are their
interactions unpradictable,

?

1. PASAL AZ0IJinrIes (ideally to be done in hardware)
oedscatier

External roll/.attering

2, DISY TORIALTIZS

[leander update (placement of meander on disk; reorganization

of storaze ma))
Steorege lap " pilate
Fart iap rcnuhoarLN (or ii" no part maps: renumbering of
all internal and systen refer»nues to stream)
Directory undace
~ree-upﬁoc updzte & Garbage Collection
Restreaning
Co.,pJOAxv*W"

Stevping display: line t
i Plug"in“ u1p]uogla" repackiuﬁ ES
Updating & “GDOC”lla i
Lo FILD Lu;u AL MES
File cecurity prouo ol:
Rezlsiry OL new Tiles
Lpaate o. j”'eQng;

Locizout of elit operations during disk catchup
i L3 0 LESS ULAY

las yet undefined)

[}

R R b

5. 00 DIRCUSSHD UE2RI, BT 0E
servicing user requescs

Lxoernal commumications
nemote.coitiunicacion of Tiles, botn im and out
Providing srall ‘ntertainmencs during '
S*BS TeM LIS l‘
(h,-o 1 wgac, of coursse, YO e malnialnad Wy oas
ossratlin. I grnon weleotion onn C con an yoviind
out lacer, course., sTreans,
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No iNTeRrUPtTS - 4

It will be noted that the system deccrined does nov nged an
interrupt facility to servlice user requests., Polling all user
input registers, either besween frames or 1in a mainframe progran
concurrent witn aﬂd indepandent oi the display, should do nicely.

GUIGC-AND - DT Hiretoey CObE

The bDirectory is composed of a number of fixed-lengtn Directory
Items or Tile heads. .ney neec not be in any sequence, as e can
eternal-roll tarouzn themn mach has elgiit addresses pointing to up
to eigat of the 111"'" stream storage maps (with provision for
continuation),. Ib also has a great deal of other information
atout the file which will eventually be - necessary. Variable-
len~th fields of LAe Directory Items are o oreu in a "metatext"
strean, '

§:
—F +— ()
> L ~F
ki k1 T 3¢
P i X,
8 t= a4
! o § %
v = {::1 g
F\&QRT frmjﬁhleht@ :D\SYWST"’L i__&, T“l (gc:\;: Q."‘ f g &3
Syden Rlz owd‘é“ﬁ‘l'
.I_ulquw&,,:\ F,k
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consifoert LQAAﬁtS
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- FADENT

Certain informaction 1t necessory for file identification,
protocols of request, arrival, security and genelylogy.

Tne ¥ident, or Fiduciary Iodsnitifier, contains a file nam
and security and formality material, as yebt undef'ined. The
security and formz lity materizal will include alphameric check-
‘sums and hidden keiS, usage status intormation, file opening
and closing codesgece,

PROVENIEN CE

To make sure we don't run out of numbers for a decade or
so, we number eras and overall context, calling them Proveniences.
The number 00000001, the Tirst Proveanience, should hold us f'or awiile,

DISPENSATIONS AND HISTORY

A numbering of parts in a file ic a dispensation, Over tine
the numbers get higher and higher, and-a lot ol the lower ones are
lost. It becones time for a ilew Digspensatcion,

A new dispensation is recorded as sucn in the file history.
All the existing parts are given lowered numbers, beginning with 1.

TILe GENEQLOGY

Dispensations fork out in evolutionary trees; a file may
have any number of children, grandchildren, great-grandcnildren,,.
and the genellogical derivation of each is stored in the file

‘history. HKowever, dispensations are numbered sequentially in
the order of their creation; the history must be consulted for
parentage. A file nhistory is kept informed of its descendants.

‘ =

BASTARD FILE GENERLOGY

If, however, a file is not gble to communicate wiltn its:
family nistory, it is nevertheless able tc have descendanl
dispensations, however, tihese are called bastards., (Their
parents do not know or acknowlelge tnem.) They are supposed
eventuglly to get their genealogy straight by registering with
the main history.



: : XTD d2 31
WETRTEXT A 3
lMessy text fields about the file, such as the file's name,
and otner fields indliafting authaor:ship, owaersnip, copyright,
exceptions and wna“aot belong coi'f elsewhere, Since they are
not "in" the file, bub about 1t and subject to infrequent
citation and change, tnere is a case for storing them separately
from the actval streams comprising tne file,
A good arrangenent would seem to ve:

| *5 ) .Ltg-’
(birechn) lFlLG HE AD 4—;§_ é)g"l FILE HERD
— y O

] AN — -

Sﬁﬂg“dfhvﬁ)

WL Lk s
¥/ /7778 .
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YIS IO
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For complete freedom in moving files and their storage maps
on disk, it is provanly becst to have this metatext assocliated with
the main systen directory;rathor than the content streams, Ihen

‘everythning not in the directory may be relocaéd on disk by
the syotem W1tnout compllcatlon

STDK&G’C Mi‘ﬂ” FOINTERS
Every stream nas to have its own storage map. (“he stream
then cougsists ol all tne meanders p01ﬂbed to between the beginning
and end of that storaze map.)
“The directory itenm aas space to point at eight streams, as wve
vaguely GXPuCt a ile to nave eight streams or fewer. Iut
continuation is possible to any number of map pointers

U; J‘Q;f STOR {-&E MY FO“\N‘QQS' L::I
SMF) i \ \ \ ‘ \ \ \Pou\cr
o e by |
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IDERLIZED DHISPLAY FOUOLIR 3¢

The pure Xanadu maznine rac a display program follower that
leaps from stream to stream, saving counts, decrenenting with
each element disvlayed, and returuing et termination of the count
to the stream that dispatecned it, recursively., These returns are
naturally consummzted by means of a stack.

IHe LAST Junp

The pure Xanadu machine, casually reading down a bed, will

want to lknow when it gets to the end of a bed without checking
the pillow, ggmggiaps this will be by the usual string count.
In other case@AEhls dan be done with & standard Xanadu Jump
Code (undefined) just below thne foot of the bed.
‘ ’ HERD
Foot
EXTsd

Simulating Xanadu on conveuntional equipment, we will often want
to put a display jump for the particular display below the foot
of the bed.

PLUGSDh\? m@ﬁsum? ‘__&’,V v ucula-k 59‘;@0 a'..\(LS JWY"’)

Classical Xanadu has hardware tnat jumps oetween streams,

What conventional harduvare won't yet do uwe simulate,

If we simulate Xanadu on conventional equipment, the gane
changes entirely but stays interesting.

e keep the nierarchial streams, but the display no longer
cycles through them, In the first display pass or a pre-pass, we
format the display and prcduce a control table which dispatches
all the subdisplayvs in the separate beds.

A most curious practice vecones desirable., Since we leave all
mzterial to be displayed in its beds, and since we usually lack a
counter that will jump out of the bed at the terminator of a string
of data, we must insert a display-jump code in the data stream,

disphy drina, they [ea
dary dry the feave

dearen T )
f.’a l'-t
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Either we are going to slide stuif apart to make room for this
code, which we aren’t, cor we are going to have to put elseuhere
the element(s) clobkered by the jump code, (Ir the element
clobbered were alvays going Lo be one alphameric space, we
wouldn't need to, but it isa't.,)

Thus the plugjump table, nade up of plugs and jumps. A
"plug® is & little datum that has to be taken out of something
else, A jump is a jump code, A plugjump is this:

— | PLUG~
Jomy —
WHERE THle PLUG RE(ONGS

e

The juinp at trhe end of a string to be displayed points to its

plug, wnicih hail to e moved to put the jump in., ‘The jump aftver

the plug goes where you actually want to go. The plug is displayed
as it siould be, and you can, if need be, put it back, (E.g.,

to re-shake text to new line divisions after an insert.)

"he PJ is naturally in a pned. There should be a PJ bed for
each text window: tThus the views can babble separately, witn the
PJ babbling like any otner bed, to match tne changing text and
resegment only tne new matter, witn tane old PJs remaining valid
till their strings leave the display.

TR TN
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Teg ll_
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or, more literally,




ANMETON]

in general, text {and line and dot graphics) may be smocothly
aninated on tune screen, Wnat needs to be moved, and now much,
is determined by the particular function program. floving it on the
screen is the duty oi the animatiocun table,

We will consider only linear motion, for simplicity. To
obtain linear wotion on the screen ol a word or part of a drawing, it
is necessary Lo add Tixed inecrenents (positive or negative) to its
x and y coordinates before each frame display. (Intermedizte rates,
involving see-se&w increments between frames, we will not consider
here. ) ‘

The simplest method is to add the increments at the end of
each frame., Thus.-no interrupts are needed, A table specifies
the parts of the picture to be moved,

Various foris oi animation table are possible, We will
consider here a type that works well with the plugjump table,
being a plugjump tazble itseli’, There may be a simpler variant,

AIMATION TRSLe

The animation tadble states the motion increments between
presentation-frames for individual parts of the picture.

Let certain plugjuwmps indicate the beginnings of parts to
be animated. These we call moving plugjumps., Let each of these
jump to a second table, tne animation table, where the increments
and tests are stored., These increments specify x and y chnanges
for the display program follower,

z?f"f/”’~ig;,‘ A. T
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Tor some moving segments of a frame, we will want to consider

whether the motion should chanze at the completion oif the frame,.
- Typically, then, tests will be associatved with tne end of the frame
~as to which parts ol thne picture continue their movement as
before, and which enter a new phase of movement,

© At the end of each frame, tine Animation Test is made for eacn
part in motion, tecting completion of the motion. Horinally the
nmotion is not conpleted and the Aaimation Increment is added to
tne Auimacion 3Sten. If the test saows the motion to be completed,
the Blse Code is followed, presunebly a termiination of motlon or a
jump to some ocher prograri.
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t has seened
code for streamn sel
display conmands, I
be byte-oriented wi

\

v

ssiravle to contrive z universal addressing
sction, interstrean citation, disk addressing,
O and otner purposecs, This would presumably
Cii & continuation bit. A further desirable
feature iz st ve nmay call "field coniinuation, " the use of
bits in bytes extendel after the first to extend and modify the
address fields of thz first and later bytes, e.g.:

3

NG R

ct

| B

c

——

q
e F‘tu; A‘B and ¢
Aﬁl\‘ ¢4 s tcte ! acrose

successive L(."]es’.

A
olinufin M- B IID

dowever, this wzits on further specification of system functions,
and the discovery of furtiaer divine design convergences,

HARDWARE

Different aspects of nardware inplementation are under
investigation, and possivle combinations and Separations for then.,

1. Zed-vox, An addressing mechanism we may call the “"ked-box"
would hold the head and foot addresses of the bed and a current
address. It would step the current address forward and back on re-
quest, and, on reaching fbnd of the bed, wrap to the other end.

A board check register siould verhavs zlso be included in
- the unit, 4

2. Address cruncner, A larger unit built around the bed-bhox,
this would perform an address conversion from a stream address, the
ficuciary pair, and current bed information. .

:éﬁit would take an absolute or relative stream address

with current stream addresses in the bed (vrapping from f
second segment), and retura the absolute bed address of +
stream element or the advice thnat the element is not in core,
and. how rar forward or back it is from tne fiduciary pair or tiine
current view, '
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A reasonable °pov*23r would bpe to have this as a fast box or

in Tirmware, dipping into the pillow information in cere. In this
case the routine could also specif'y immediately any address in the

currvent, forwerd and baclkward mneanders.
B btreaﬂ channzl to external devices, like data channel but

‘more sSo. OConvenvional dcuq crhannel dnd controller:

Gre address
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Stream charnnel: sams out with automatic coaversion to 2-gepment
bed, moving terminator., Variaticns: Bidirectional for forwerd or
bac_ haob11nr ruiticimensional for array wiandow.

4, Canauu Frogran Follower: Device wnich follows parallel-

stream structure, X, AA
Addr.
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5. Trap systemn to snaj jumps between streams: esp. for
generalization of events and progra!ns, e.g., substitution of
matrix for arithmeilic oj erauloaq.

6, Ceneral-purgcse instruction-set, suited to beqerah.zed
application of er—Wle streeair monitor to all computing
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Yk Data channel add-on for existing computers embra01ng ali
o' these or coherent supbset,

% Computer embracing all of

thecse or coherent subset.
%4 universal bus-cricnied herdware system. This would

service many uoda in “ar”llcl, rerforming address conversions

from stream-absolute to bed-position (the bed~box); step forwar

and hack n pogitions, scatter reading, writing gnd displaying.
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°0ﬁ'+ue progran follower (coae 1nuefnleue“) would be time-cshared
among the several perivilerals and programs, converting the stream
jumps and steps into acdress conversions to core for each program
currently veing followed,




PROGRAMMING—

‘the stream systei cescrioed is a wnole new set of programming
conventions, Frogreais can be written under these conventions, but
tney are different. (In a sof'tware Xanadu implementation uﬂej
will be wholly interpretive, in a hardware system not.) Where
a Fortran programuer weclares arrays, the A-stream programmer
declares sLLcano, Tamilies and bed sizesz. Le may stralightforwardly
specify input stresans, Ovaut streams and buffer streams (both
stack and Ii.iC)., Lot the nth, but the "next" stream item, is a
typical element of concern,

Programming is in general provedurai rather than declarative.
"ethofo of coding uo roil forvard and bvacliard to bre-op601iled

stops" are wider consideration, The diiferent types of swap will
ve available.

LANGUAGES

The programmer nay creace new inter pretlve languages under this
system which use and combine old system macros and nis new code,

To begin witi, we think of tne languagze command as looked up
in a table wvhich then brancnes to tne routine., “his is then two
streans:
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exceptv tiat it is desirable to use code already available to the
system., Thus e expand it.

- CoMMAND oo O —t

)N

reﬂ%;«:'( E—__ balllable sqffen vouleas
g i s e 2

.ﬁl\*\ S
YoUlrg ———

less o urg‘?s\f LAL blakle

war of 3»‘\601/’

==
tescdent rort. ”‘E.‘J*_A 'au:)g\ﬁ&z

.

A command in the lanjuaze caus The inztruction in
a commfnd loolmup screan nis to a systen macro,
; Asy i (presus streain), or to a

Cure,

2 [
SUIMIC U SU LS

NONES

2oy

& oo i R T .
10000 < Ol GAle 2ol

(

ey



XTD d2 39
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A Typing program wnich nanuvéb printout as a shared 100 may
be implemented with six data reams,
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Specials include footnotes, headers, etc.
Tne part maps iandicate parazraphs, sections and specials,
"Format" tells line widtn, hesader and footnote pOolthJlﬂd.
Paze control is generated on the run, formetting from tae

part map and format stream, Il desired, 1t may be saved for

later duplication of the document without examination of part maps.

PrOGXNM fok M#m FYONT €7D

It will e recalled that in the text system deccribed at the
begimming, files may bc viewed in sepsrate wvincows with their
coupiings displayed, and rolled on a dependent or independent bagis,
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This system may be implemented with the following function layout
of streams and beds.
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It will be seen that to create the controlling streanm ,
prosram for this is reletivoly streigicforuard, if not orivie..
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